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INTRODUCTION 


PURPOSES OF THIS COURSE : 


TO EXPLAIN : 
WHAT BIT - SLICE DEVICES DO 
WHY BIT - SLICE DEVICES EXIST 
TO DEMONSTRATE IN DETAIL THE PROCEDURE FOR 
DESIGNING WITH BIT - SLICE DEVICES 
TO SURVEY THE BIT - SLICE DEVICES ON THE MARKET 
TO SURVEY THE RANGE OF APPLICATIONS OF BIT - SLICE 


DEVICES. 


SYBEX 


BASIC CONCEPTS 


COURSE EXPLORES TOPICS IN THESE AREAS : 


CENTRAL PROCESSOR ARCHITECTURES 
PROGRAMMING | AND MICROPROGRAMMING 
LARGE SCALE INTEGRATION (LSI) 
BIT - SLICE ARCHITECTURE 
PROGRAMMED LOGIC ARRAYS  (PLA’S) 
COMPUTER ARITHMETIC 

EMULAT ION 


SPECIAL FUNCTION PROCESSOR ARCHITECTURES 
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DEFINITIONS 


CENTRAL PROCESSOR : 


PROGRAM 


MICROPROGRAM 


THE PART OF A COMPUTER THAT TRANSFORMS DATA, 
MAKES DECISIONS. 


- USUALLY COMPRISES REGISTERS, ARITHMETIC - LOGICAL 
UNIT, AND CONTROL LOGIC 


THE DATA WHICH ULTIMATELY CONTROLS THE ACTIONS 
OF THE CENTRAL~ PROCESSOR 


- USUALLY COMPRISES SEQUENCE OF INSTRUCTION 
WORDS IN MEMORY . 


A FIXED SEQUENCE OF INSTRUCTION WORDS WHICH 
CONTROL THE GATES OF A PROCESSOR. A MICROPROGRAM 
SEQUENCE IS INVOKED BY A SINGLE INSTRUCTION 

OF THE  (MACRO)PROGRAM, 
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RELATIONSHIP OF PROGRAM, MICROPROGRAM, AND CPU 


PROGRAM MICROPROGRAM CENTRAL PROCESSING UNIT 


A-TYPE INSTRUCTION 
a : NX 


[Gay eee ee 


WiCROSGQUENCE A 


MICROINSTRUCTION 


Sane aRSCTON a 


MICRO SEQUENCE B 


| 
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LARGE SCALE INTEGRATION 


BIT - SLICE 


PROGRAMMED 


COMPUTER 


ARCHITECTURE 


LOGIC 


ARITHMETIC 


DEFINITIONS (CONTINUED) 


ARRAY 


THE TECHNOLOGY OF ASSEMBLING CIRCUITS OF 
ONE THOUSAND OR MORE GATES ON A SINGLE 
CHIP (E.G., MICROCOMPUTERS. ROMS & RAMS, 

BIT - SLICE DEVICES) | 


THE INTERCONNECTIONS OF LOGICAL ELEMENTS 
WITHIN THE BIT - SLICE CHIP 


AN LSI DEVICE FOR REPLACING DISCRETE 
LOGIC NETWORKS BY PERFORMING THEIR 
LOGICAL EQUIVALENTS THROUGH MATRIX MAPPING 


THE ALGORITHMS (PROGRAM STEPS) BY WHICH 
COMPUTERS PERFORM NUMERICAL CALCULATIONS 


SYBEX 


0-6 
DEFINITIONS (CONTINUED) 


EMULATION : THE PROGRAMMING OF A COMPUTER TO MAKE 
IT INTERPRE] THE INSTRUCTION “SET 
ANOTHER COMPUTER 


- MOST OFTEN :  MICRUPROGRAMMED EMULATION - 
A MAJOR APPLICATION OF BIT -SLICE 
DEVICES 


SPECIAL FUNCTION PROCESSES : COMPUTERS DESIGNED EXCLUSIVELY FOR SPECIFIC 
APPLICATIONS (E.G,. I 70 DEVICE CONTRILLERS. 
TEXT HANDLERS) 
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1. BRIEF HISTORY OF CPU DESIGN 
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CPU DESIGN EVOLUTION 


BIT - SLICE TECHNOLOGY 


A STEP IN CPU DESIGN EVOLUTION ? 


OR 


A SEMICONDUCTOR INDUSTRY BY - PRODUCT ? 
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EVOLUTION 


Notre ch. 208 ai 2572 
HORIZONTAL STRUCTURES ARE CIRCUTTS 
FORMING 
CONTROLLING 
REGISTERS 
ADDERS 
COMPARATORS 
MEMORY REGISTERS 
VERTECAL STRUCTURES ARE CIRCUITS 
FORMING 
CONTROLLING 
BUSSES 
ADDRESS SELECTION 


MULTIPLEXING 


THE DATA WORD 


THE DATA PATH 
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CPU 


EVOLUTION 


DESIGN HAS EVOLVED FROM 
HORIZONTAL DEVELOPMENT 
ro 


VERTICAL DEVELOPMENT 
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HORIZONTAL MACHINE ORGANIZATION 


MEMORY 
ACCUMULATOR MEMORY DATA REG. 


ARITHMETIC UNIT 
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EVOLUTION 


CPU DESIGN FOR MATHEMATICAL APPLICATIONS 
EMPHASIZED HORIZONTAL ENHANCEMENTS 


1. WIDER DATA WORDS 
2. POWERFUL ARITHMETIC FUNCTIONS 
3, FASTER ALU PROPAGATE TIMES 

TO COMPENSATE FOR WIDER DATA 


VERTICAL ORGANIZATION IS THE SAME IN MOST MACHINES 
FROM PDP - 1 TO CDC 7600 
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EVOLUTION 


NEW APPLICATIONS BROUGHT NEW CPU DESIGN PHILOSOPHY 


DATA STRUCTURE APPLICATIONS 


FILE SYSTEMS 

ASSEMBLERS 

COMPILERS 

TEXT EDITORS 

COMMUNICATION SYSTEMS 
NON-ARITHMETIC LANGUAGES: LISP 
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EVOLUTION 


DATA STRUCTURE PROBLEMS ARE 
WORD ORDER TRANSFORMATIONS. . . 


WORD ORDER TRANSFORMATIONS ARE ACCOMPLISHED BY 
DATA PATH MANIPULATIONS. . 


THEY ARE A FUNCTION OF THE VERTICAL STRUCTURE OF THE CPU 
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EVOLUTION 


EXAMPLES OF DATA STRUCTURING PROBLEMS : 


PARSING 

FILE MOVEMENT 

FILE EDITING 

LINK - LIST BUILDING 
STACK MANIPULATION 
STRING EDITING 
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EVOLUTION 


FUNCTIONAL DEMANDS CHANGED —> 
CPU STRUCTURAL DESIGN EVOLVED 
HORIZONTAL —® VERTICAL 


EXAMPLE: FORTRAN —® LISP 
IBM 7090 —» DEC PDP - 6 
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1-9 °° 


Tlo 


DEC PDP - 6 ROUGHLY 


3G 


ARITAMETIC, 


LOGICAL, 


EVOLUTION - PDP - 6 


PDP - 6 FEATURES 


DOUBLE ADDRESSING 
(REGISTER TO REGISTER OPERATIONS) 


20, ACCUMULATORS 
AUTOMATED STRING MOVES 
(VARIABLE LENGTH BYTE OPERATIONS) 


PpP - 6 ARCHITECTURE IS PRECURSOR OF BIT SLICE ARCHITECTURE 
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EVOLUTION - MACHINE POPULATION 


~ SATURATION OF “NUMBER CRUNCHER” MARKET 
GROWTH OF MINI-COMPUTER MARKET 
RAPID ENHANCEMENT OF MINI-COMPUTERS 
1. AUGMENTED REGISTER ADDRESSING (REG-TO-REG OPS) 
2, AUGMENTED BYTE AND VECTOR HANDLING (BLTR) 
3. CONTEXT SWITCHING 
4, FASTER CYCLE TIMES FOR NON ARTHMETIC TRANSFER 


BUT = =LITTLE OR NO ARITHMETIC AUGMENTATION 
STANDARDIZED LENGTH 12 OR 16 BITS 
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- EVOLUTION: SUMMARY 


THE COMPUTER MARKET NOW DEMANDS 
VERTICAL POWER AND FLEXIBILITY 
AT THE EXPENSE OF 

HORIZONTAL POWER: 


VERTICAL | HORIZONTAL 
REGISTER SPACE WORD WIDTH 
COMPREHENSIVE BUSSING ARITHMETIC FUNCTIONS 
ITERATIVE DATA TRANSFERS FAST PROPAGATE TIMES 


TRANSFER CYCLE TIME 
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2. BIT-SLICE PRINCIPLES 
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BIT SLICE PRINCIPLES 


LARGE SCALE INTEGRATION BROUGHT TWO DEVELOPMENTS 


1. TOTALLY INTEGRATED MICRO COMPUTERS 
2. INTEGRATED BLOCKS OF ARCHITECTURE 
FOR LARGER COMPUTERS 


LIMITATIONS OF CURRENT LSI 


1. LOWER DENSITY FOR HIGH SPEED LOGIC 
2. HIGHER DISSIPATION FOR HIGH SPEED LOGIC 
3. PIN COUNT LIMITS 
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WHY THE BIT SLICE? 


LS] DESIGNERS HAD TWO CHOICES 
HORIZONTAL PARTITIONING | VERTICAL PARTITIONING 
WIDE REGISTERS BIT WIDE SLICES OF THE 
WIDE MULTIPLEXERS ENTIRE DATA pil, OF CPU 


WIDE ALUs 
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WHY THE BIT SLICE? 


HORIZONTAL LSI COMPONENTS (HYPOTHETICAL) 
1, 16 BIT DUAL PORT REGISTER 


YR Ire 
wee fae” A led La 


RO_ENAg 


TEE pe a 
PE SP GEREN SF REAL OY 


~100 GATES 
48 DATA PINS 
3 CONTROL PINS 
2 POWER PINS 


2 GATES PER PIN 


53 PINS 
SYBEX 


WHY THE BIT SLICE? 


OTHER HYPOTHETICAL HORIZONTAL LSI COMPONENTS 


2. 16 BIT FAST ALU ~400 GATES / 53 PINS: ~8 GATES / PIN 
3. 16 BIT 3:1 MULTIPLEXER <100 GATES / 68 PINS: 1% GATES / PINS 


THESE ARE NOT TECHNICALLY LSI 


HORIZONTAL STRUCTURES ARE PIN LIMITED TO MSI 
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HYPOTHETICAL ONE-BIT-WIDE SLICE 


\es,n 
@ -AOpESSE A-ADOEES 5 

DATA nv 
G- $0uRL & SOURCE 

conrao ConTro. _t. 

Adu) ConTtot. i 
cng eager 
Lefer Lyro 
~ ee oe CATA ENA”: 
aemiameen al 
S YB E xX DATA OUT 
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WHY THE BIT SLICE? 


ASSUME 16 REGISTERS: 300 GATES / 23 PINS 
OR 
13 GATES PER PIN 


MULTIPLYING SLICES ADDS 2 PINS PER SLICE: 
EXTERNAL INPUT. EXTERNAL OUTPUT 
MULTIPLYING SLICES ADDS 200 GATES PER SLICE 


EXAMPLE 8 BIT SLICE 1700 GATES 


39 PINS 
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OTHER FACTORS FAVORING VERTICAL INTEGRATION 


SPEED: EXTERNAL CONNECTIONS INCREASE 
CAPACITANCE —» DECREASE SPEED 


DISSIPATION: T*L COMPATIBLE DRIVE REQUIRED EXTERNAL 
TO CHIP -- 10MW (5V 2mA) 
INTERNAL DISSIPATION PER GATE TYPICALLY 
1,2 - 1.4mW: LOW POWER SHOTTKY 
100 MICROWATTS: I*L (TI SBPO4OO) 


BIT SLICE STRATEGY: : 
MAXIMIZE INTERNAL VERTICAL INTERCONNECTIONS 
AT THE EXPENSE OF EXTERNAL HORIZONTAL INTERCONNECTIONS 
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BIT-SLICE DEVICES 


Nj 


hse THE COMMERCIAL BIRTH YEAR OF BIT=SLICE 
NATIONAL SEMICONDUCTOR IMP SERIES 
INTEL | 3000 SERIES 
SINCE THEN 
MONOLITHIC MEMORTES 5700/6700 SERIES 
ADVANCED MICRO DEVICES 2900 SERIES 


MOTOROLA 10800 
TEXAS SBPO4OO 


AND SECOND SOURCES IN US. AND EUROPE 
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BIT SLICE APPLICATIONS 


BIT SLICE DEVICES ARE TO DESIGNERS IN 1976 
WHAT MST WAS TO DESTGNERS IN 1973 


Rak Stict DEVICES ARE FOUND IN PRODUCTION 
MODELS OF PROTOTYPES OF 
POPULAR MINI COMPUTERS 
FLOATING POINT ADD-ONS 
HIGH SPEED 1/0 ADAPTERS: DISK & COMMUNICATIONS 
SPECIAL FUNCTION BOXES: FFT, NAVIGATION 
SPECIAL ARCHITECTURES: DISTRIBUTED PROCESSOR DESIGNS 


SYBEX 


A BIT SLICE DEVICE IS NOT A MICROPROCESSOR 


BLT-SLICE LSI MICRO ADD-ONS 


TPUL_ER 
MICRO INSTRUCTION SEQUENCING x X 
MEMORY ADDRESSING x oe eee 
+ SHIF R 
O20 NUR ok et et et eee 
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BIT SLICE PRINCIPLES: SUMMARY 


Bii= SLICE DEVICES 


ARE. VERTICAL STRUCTURES: 
2 OR 4/NTHS OF THE DATA PATH. 
CIRCUITRY OF AN N-BIT PROCESSOR 


HAVE NO CONTROL LOGIC- 
CONTROL SIGNALS ARE SUPPLIED FROM EXTERNAL CONTROLLER CHIPS 


ARE INTENDED FOR F AST APPLICATIONS 
CYCLE SPEEDS BETTER THAN SHOTTKY MSI EQUIVALENTS 


ARE NOT FNTENDED FOR MINIMUM COST 
APPLICATIONS 


MUCH EXTERNAL LOGIC REQUIRED 
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DATA 
(IN) 


NSTRUCTION 
REGISTER 
DECODER 


CONTROL 
UNIT 


fi 


MICROPROGRAM 


ADDRESS 


DATA 
(OUT) 


BIT-SLICE SYSTEM 


a 
N x P BIT-ALU 
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3. BIT-SLICE IN DETAIL: 


BUILDING WITH BIT-SLICE DEVICES 
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AM 2901 BIT-SLICE PHOTOMICROGRAPH 


“ot ign 
7 - we 
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A BIT SLICE DEVICE IN DETAIL 


ADVANCED MIC R O De Te eS 2901 


POE A TURE OS 
i BEE SE ILE 

16 WORD TWO PORT RAM 

8 FUNCTION ALU 

INDEPENDENT SHE ot 

FOUR STATUS FLAGS 

9-BIT CONTROL MICRO-INSTRUCTION 

BIPOLAR: LOW POWER SHOTTKY IMPLEMENTATION 


MIN 105 NS CLOCK FOR COMMERCIAL VERSTON 
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AMD 2901 - BUS STRUCTURE 


ALU INPUT SOURCES 


R BUS ABR Ss BUS ABR 
i RAM A-LATCH A ie RAM A-LATCH A 
( 1 OF 16 REGISTERS ) 7 ( 1 OF 16 REGISTERS ) 
2, DIRECT DATA INPUTS D a RAM B-LATCH B 
(1 OF 16 REGISTERS ) 
AND INHIBIT 3, Q - REGISTER q 
( FOR ON BUS ) f AND INHIBIT 
( FOR ON BUS ) f 
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AMD 2901 - BUS STRUCTURE 


L U es Se eh, OBS See ae ee BU S$ DESTINATION S 


1; CHL OUTPUT CY Babs: LAP EE XE R 
2, @ REGISTER MULTIPLEXER 


3, SHIFTER/RAM MULTIPLEXER 
P BOER PATH S 


i ASLATOR TO YeRMULTIPEEX ER 
2, Q-REGISTER OUTPUT TO Q@ REGISTER MULTIPLEXER 
SHIP VLE Ft 


INPUTS 
SHEET. RP GHT 
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AMD 2901 - FLAGS AND STATUS OUTPUT 


OTHER DATA OUTPUT 


CARRY GENERATE G 

CARRY PROPAGATE P 

CARRY OUT C 

OVERFLOW ( Chsze —4 Cue ) OVR 

F-BUS = § F=0 

F-BUS MSB (SIGNBIT) F3 

RAM SHIFT LEFT OUT (SHARED) 
RAM SHIFT RIGHT OUT (SHARED) 
Q-REG SHIFT LEFT OUT (SHARED) 
Q-REG SHIFT RIGHT OUT (SHARED) 


wo om onium He Ww He 


oy 
[om] 
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AMD 2901 - FLAGS AND STATUS INPUT 


OTHER DATA [ N P UT 
1, CARRY IN Cn 
2. RAM SHIFT LEFT IN ( SHARES WITH RAM SHIFT RIGHT OUT ) 
3, RAM SHIFT RIGHT IN (¢ SHARES MIT! RAM SHIFT LEFT OUT ) 
4, @ REG SHIFT LEFT IN ( SHARES Q SHIFT RIGHT OUT ) 


5. Q REG SHIFT RIGHT IN ( SHARES Q SHIFT LEFT OUT ) 
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_ AMD 2901 - CHIP CONTROL 


AREAS OF CONTROL 


1 ALU INPUTS R AND § 

2, ALU FUNCTIONS 

3. Y BUS MUX, Y BUS QUTPUT ENABLE 
ho RAM SHIFT MULTIPLEXER 

5, RAM A ADDRESS | 

6. RAN B ADDRESS 

7, Q-REGISTER MULTIPLEXER 


PLUS CLOCK 


_. SYBEX 
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AMD 2901 - CONTROL WORD | 


CONTROL WORD FORMAT 9 BIT 


\ GbEEEGRETS 


1, ALU SOURCE CONTROL 


lo Ia Io 


|= 
ju» 


AMD 2901 - CONTROL WORD 


2, ALU FUNCTION CONTROL 


eee ALU FUNCTION SYMBOL 


| ee OS |) PRE eee ne a ve 
t. $ MINUS R $= R 

TE ene S| | Se ae eet a 
a in ce ar eee eee 
Ee ae 
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oe | 


3, 


ay WY Bot 1 © 


ui 


AMD 2901 - CONTROL WORD 


DESTINATION CONTROL 


Q Qo. 

SHIFT _ LOAD 

NO- Fy.3 

LEFT Q,-3- OL! 
(Q, —> QL0) 


RIGHT Fg-2, RRI RIGHT Ow-2, ORI 


RAM RAM 
SHIFT LOAD 
NO Fs 
LEFT F 5 RL! 
(Fy —> RLO) 
(Fy —> RLO) 
(Fs, —> RRO) 
RIGHT Fgap) RRI 
(F, —* RRO) 


(Q3 -> ORO) 
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LEFT Fs RLI 


AMD 2901 - ALU FUNCTIONS 


LT aaa ea SS eS 


BY: CONT ROE “OF ot, AND Cy THE AM2901 PERFORMS 
THE FOLLOWING ARITHMETIC FUNCTIONS IN ONE STEP 


PN EO cree ONO teri oa nee ee cs 
0 ADD A+Q ADD PLUS ONE = ass HOG] 
. A+B A+B+1 
5 D+A D+A+] 
6 D+Q D+9+1 
2 PASS = Q INCREMENT Q+1 —_ 
3 B B = 
: 4 A A = 
we D D= ee 
1 2  ODECREMENT Q-1 PASS Q 
1 3 Bed B 
1 A-] A 
2 7 p= D 
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AMD 2901 - ALU FUNCTIONS CONTINUED 


To_0 


[5.5. 


-Q 


TWOS COMP. 


-Q-1 
-B-1 


ONES COMPL. 


2 


(NEGATE) 


oe ieee 


oe aut 


Q-A-1 
B-A-1 


SUBTRACT 


0 
1 


ONES COMPL. 


A-D-1 


Q-D-1 
A-d-l 


A-B-1] 


bekad 
eee 


SYBEX 


AMD 2901 CONTROL 


9 BIT CONTROL WORD PROVIDES ALL CHIP CONTROL 
EXCEPT RAM ADDRESSING 


B 
RAM ADDRESSING sii 4 
sey ——- 
4 “Tees < on 

- y 
= ak —_——— 
eer es 

> 


WRITE (B) B-BUS A-BUS} READ 


AMD 2901 TIMING 


TIMING IS PROVID ED BY A SINGLE CLOCK = 105ns 
a > 15 NS ————————_________>| 
fet ——————_ > 39) NS © —————__—__»»J=—_—_ > 3) NS. —a| 


Meee cia... ome 


le << 30 


PAM OUT GOOD Sane a re 1 
LATCH OUTPUT a a a 


bee— < Yi | 


ft 


ALU DA 
wat 
Bat WB TE DA 


Q REG WRITE -— 
an | 5-4 


Q RF DATA eee eens: ore?” See 


AMD 2901: TIMING CONTINUED 


enn SESS eee eSenae 
EXTERNAL STGNAL TIMING REQUIREMENTS 
105 


a———— >30 ——e 


<75 


{\—————___—_________—_—— 95 |e >) 


lo-8 etic I (79) (55) 


1012) (1345) (1678) 


. —w| ie—>I 
Do-3 
|—»—_——_——. 55 |—a—>0 
CN 
@ RAM ADDRESSES ARE THE CRITICAL TIMING SIGNAL 
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AMD 2901: TIMING TABLES 
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CYCLE TIME AND CLOCK CHARACTERISTICS 


Mirumum Read-Modify-Write 
Cycle (rime from selection 
of A, B registers to end of 
cycle} 


Maximum Clock Frequency to 
Shift Q Register (50% duty 
cycle) 


Minimum Clock Period 


GUARANTEED OPERATING CONDITIONS 


Tables 1, U, end HIE betaw define the timing requirements of 
the Am2901 in a system The Am290! 1 guaranteed to 
function correctly over the operating range when used within 
the delay and setup time constramts of these tables for the 
appropnate device type. The tables are divided into three 
types of parometers: clock characteristics, Combinational deleys 
from inputs to outputs, 85d set-up and hold time requirements. 
The letter table defines the time prior to the end of the cycle 
(.e., clock LOW-to-HIGH transition) that each input mutt be 
stable to guarantee that the correct data is written into one of 
the internal requters 


The performance of the Am2901 within the limits of these 
tables is guaranteed by the testing defined as “Group A, 
Subgroup 9° Electrical Testing. For # copy of the tests end 
limits used for subgroup 9, contact Advanced Micro Devices’ 
Product Marketing. 


TABLE 1 


A bypassing 
ALU (1 = 2xx} 


SET-UP AND HOLD TIMES [minimum cycies from esch input) 


Set-up and hold times are defined relative to the clock L OW-to- 
HIGH edge. inputs must be steady at all times from the set-up 


MAXIMUM COMBINA TIONAL PROPAGATION DELAYS [all inns, Cy < 15DF} 


aleialsla| 2 


Slel=|e[eisis[5] <_| 
‘{:fslaisiels|s) 2 


time prior to the clock until the hold time after the clock The 
set-up times sifow sufficient time to perform the correct 
Operation on the correct data so that the correct ALU data 
can be written into one of the regsters 


TABLE til 


Set-Up and Hold Times (all in ns) (Note 1} 


Netwe: 1. See Figure 91 ene 12. 
2 If the @ addren te vied #8 © source Cmerend, stlow fer rhe "A, 8 source” set.up time. If it is Used Only for the dest Neton address vee The 
“@ Gest.” setup tre 
2. Where twe aymbers are hewn, both mutt be met 
4, Ngwh” is the clock LOW time 


AMD 2901: OTHER DATA 


Get GEG TR i AG. Re 


li. al Vie SPRY 
2, 185 MA CURRENT TYPICAL -280MAX (14 WATTS) 


TEMPERATURE 


COMMERCIAL  O°C TO 470°C /4.75V 10 5.25V / 105ns 

MILITARY  -55°C TO +125°C / 4,50 TO 5.50V / 120ns 
PHYSICAL 

uW0 PIN DUAL IN-LINE PACKAGE (CALL PINS USED) 


2.000 INCHES MY ,580 INCHES 
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BIT SLICE APPLICATION: CASCADING 2901s 


STMPLE CASCADING 


“RIPPLE CARRY 
SHIFT OFF ENDS OR END AROUND SHIFT 


EXAMPLE: 16 BIT CPU 


DO-3 My -7 B-l D2-15 
RS ‘16 [1 
vi 


f 
as 16 'C Qs as as as’ ee. Qs —_—_— as sas’ 
I~ ABI | AB! Pa —ABI Pa — ABI 


4 7 ¥ v7 

Yp - 3 Yu - 7 8-11 Y2-15 
RS = RAN LORI RS’ = RAM ROLI 
QS = QREG LORI QS’ = OREG ROI 


ABI = Ao-3 Bo-3 [0-8 
SYBEX 


SIMPLE CASCADE — TIMING IMPLICATIONS 


CLOCK RATE MUST ACCOMODATE WORST CASE TIMING 
FULL 16 BIT RIPPLE CARRY 
CRITICAL TIMES 


CLOCK | TO Cv + 4 = 100ns 
A, B TO (Cn +4 = 80ns 
CN T0 (n+4= 30ns 
CN TO RAM RO/LO (LAST OUTPUT) = SSNs 

CLK 

REGISTER DELAY 

ABI x 

Cy 

C 3 

C12 

(e,6.) RAM RO 

SHE IN 

+ GATING 
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AMD 2901 SIMPLE CASCADE TIMING 


SHIFT OF END - CLOCK RATE 
REGISTER SET UP + CARRY DELAYS + LAST OUTPUT DELAY 
20 + 140 + 55 = 2I15ns 

END AROUND SHIFT 


ADD SHIFT IN + GATING 


215 + 30 + 45 260Nns 
MINIMUM CLOCK FOR A PRACTICAL 16-BIT RIPPLE CPU 


CP = 260Ns 
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AMD 2901: LOOK AHEAD CASCADE 
a, 
GENERATE AND PROPAGATE OUTPUTS 


DESIGNED FOR STANDARD LOOK AHEAD 
AM  2902/ 748182 


SIMULTANEOUS WITH Cy OUTPUT 


CONFIGURATION FOR 16 BIT CPU 


PG. G 


ae 


AMD 2901: LOOK AHEAD CASCADE TIMING 


CRITICAL TIMES 


CI TO AM2902 C, Cy, Cy = 10ns 
ABI TO G,P = 100ns 

CLK TO G,P = 80ns 

CI TO RAM RO/LO = 55ns 

SHIFT IN SETUP = 30ns 


80 
100 


10 


a 
. 
v 


RAM RO/LO 
3046 


SHIFT IN 
+ GATING 
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AMD 2901 LOOK AHEAD CASCADE TIMING 


MINIMUM CLOCK WITH LOOK - AHEAD/ WITHOUT SHIFT AROUND 


CP = 165ns 


MINIMUM CLOCK WITH LOOK - AHEAD AND SHIFT AROUND 


CP = 210ns 
LOOK AHEAD CIRCUITRY GAINS 50ns PER CYCLE FOR 16 BIT CPU 
GAINS INCREASE AS WORD WIDTH INCREASES 


EXAMPLE: 48 BIT RIPPLE CP = 500Ns 


48 BIT LOOK - AHEAD CP = 240ns . 
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AMD 2901 RIPPLE VERSUS LOOK-AHEAD 


RIPPLE LOOK - AHEAD 
16 - BIT SIMPLE SHIFT 215 165 
16 - BIT END AROUND 260 210 
48 - BIT SIMPLE SHIFT 455 . a 195 
48 - BIT END AROUND 500 . “3 240 


FORMULAE FOR N BIT SIMPLE SHIFT 
RIPPLE: CP = 155 + 30 (¢ (N/4) - 2) Ns 
LOOK AHEAD: CP =155+10L Ns 
WHERE L = LENGTH OF 74S182’S CASCADE 
ADD 30 PLUS GATING FOR END AROUND SHIFT 
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BLANK 
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USING THE BIT-SLICE DEVICE 


AN ARRAY OF BIT SLICE DEVICES FORMS A PROCESSING UNIT. 
AN ALGORITHM IS A SEQUENCE OF STEPS PERFORMED BY THE PROCESSING UNIT. 


ALGORITHMS MAY ORIGINATE FROM 
MACRO-PROGRAMS 
MICRO-PROGRAMS 


LOGIC 
THE INSTRUCTION AND REGISTER ADDRESS LOGIC OF THE BIT SLICE ARRAY 


DETERMINE THE FINAL FORMAT OF CONTROL FOR A GIVEN ALGORITHM. 


SYBEX 


A MULTIPLY ALGORITHM FOR A 16-BIT 2901 CPU 


CONFIGURATION - 16 BITS (WITH OR WITHOUT LOOKAHEAD) 


“MUL 
TEST 
ENABLE 


RAM 
START 


RAM 
FINISH 


D D D D 


RS RS (\ 
%Soo97 | 2901 | 2901 | 290losn 
F 


MULTIPLIER - J 


MULTIPLICAND - D° |* 
PRODUCT - PARTIAL 


| MULTIPLIER - J | 
| MULTIPLIER = | 
|__propuct L.0. | 


MLTPLIER/PROD.L.O,. 


PRODUCT L.O. 


MULTIPLY ALGORITHM 


EXT SOURCE FUNCTION DESTINATION AB 
JD D, O DVO B p LOAD MULTIPLIER R O 
K—>D D. B DV® B 1 LOAD MULTIPLICAND R 1 
B.A BVA Q B MOVE J TO Q-REG 
8. B DAB B 3 CLEAR R 3 


— 
= 
iE 
m 
wn 
oo 
SS 
~ 
= 
+ 
Lv | 
™ 
og 
— 
IN 


| ADD MULTIPLICAND TO R 3 

A, B LEFT IE LSB OF Q IS ONE. THEN 
SHIFT LEFT COMBINED PRODUCT 
R 3 (NOTE TIMING QLO) 

REPEAT 15 TIMES | 


HUE TES) 


b. B Ba ee B 1 3 TRIAL SUBTRACT AND GATING 
A, B LEFT OF SIGN INTO MSB OF R 3 
MES 8, Q BVQ B 2 STORE PRODUCT L.O FROM 
QT0R2 
» Taig *  , I,v(Murestena a qo), 1 * 661/911 


SYBEX 


BIT-SLICE ARRAY: SEQUENCING 


MULTIPLY ALGORITHM: 21 INSTRUCTION STEPS 
(16 BIT RIPPLE 260 NS 16 BIT LOOK AHEAD 2Ii0 NS) 


il Jef ie) nee 


CONTROL FOR Zi STEPS 


SEQUENCE DATA IS CALLED 


MICRO SEQUENCE 
MICRO PROGRAM 
MACRO PROGRAM 


FOR THE MULTIPLY CONFIGURATION 21 x18 BITS. 


Ae-s | By-3 [res 


BIT SLICE ARRAY SEQUENCING TECHNIQUES es 


VARIOUS METHODS OF APPLYING SEQUENCE DATA TO DEVICE INPUTS 


LOGIC 


BIT SLICE ARRAY 


ROM 


BIT SLICE ARRAY 


BIT SLICE ARRAY SEQUENCING TECHNIQUES ~~ 


MEMORY AND LOGIC 


=e b 


BIT SLICE ARRAY 


CLK 


R/W 
MEMORY 


BIT SLICE ARRAY SEQUENCING TECHNIQUES oe 


LOGIC ONLY (HARDWARE PROCESSOR) 
FAST. EXPENSIVE, INFLEXIBLE, FROZEN 
ROM ONLY (MICROSEQUENCED PROCESSOR) 
FAST. INEXPENSIVE, FLEXIBLE, FROZEN 
MEMORY AND LOGIC (PROGRAMMED PROCESSOR) 
SLOW, EXPENSIVE, FLEXIBLE. PROGRAMABLE 
MEMORY. LOGIC, AND ROM (MICROPROGRAMMED PROCESSOR) 


FAST. INEXPENSIVE (?). FLEXIBLE. PROGRAMABLE 
--THE LAST CATEGORY COVERS ALMOST EVERY MACHINE MARKETED SINCE ROMS AND 
MSI BECAME COMMERCIAL 


SYBEX 


_. BIT SLICE MICROPROGRAM SEQUENCERS 


CONTROL ROM INSTRUCTION SOURCE 
MAY CONTROL BIT SLICE STATUS AND SHIFT LINES 


MAY CONTROL ANCILLARY LOGIC 
SIMPLEST FORM 


CONTROL MICRO 


DATA SEQUENCER 


LOADS ADDRESS REGISTER FROM EXTERNAL DATA 


INCREMENTS ADDRESS REGISTER 


SYBEX 


AMD 2909 MICRO SEQUENCER ao 


4 BIT SLICE CASCADABLE TO ANY WIDTH 


ADDRESS REGISTER 

FOUR DEEP PUSH DOWN STACK WITH PUSH/POP CONTROL 
MICRO PROGRAM COUNTER REGISTER | 
ADDRESS INCREMENTER 


DIRECT ADDRESS REGISTER INPUT 
MULTIPLEXER DATA INPUT 

OR’ED DATA INPUT | 

28 PIN PACK 


AMD 2911 SAME EXCEPT NO OR’ED INPUTS. DATA AND ADDRESS INPUTS SHARED 
20 PIN PACK 


SYBEX 


AMD 2909 MICROPROGRAM SEQUENCER 


i paiieci fal eam 
aa Pal | i i 8 
‘al J = 


SYBEX 


AMD 2909 MICROPROGRAM SEQUENCER CONTROL ~*~ 
a 


ruF SEQUENCER ALSO CONTROLS THE MICROPROGRAM TO ITSELF. 


HICROSEQUENCER CONTROL INPUTS 


3} Sg ADDRESS SOURCE SELECTION 
0! wPe 

] AR 

Z STK @ 

3 De 


FE, PUP = STACK CONTROL 


d= NO CHANGE 
0 1 INCREMENT STKPTR, PUSH aPC -> STKB 
0 60 DECRENENT STKPTR (POP) 


RL ENABLE ADDRESS REGISTER 


SYBEX 


3-37 
AMD 2901, 2909 MICROPROGRAM INSTRUCTION 


EVERY MICROINSTRUCTION MUScT CONTAIN: 


BIT a Bs ARRAY CONTROL a 
ARRAY ANCILLARY LOGIC CONTREL 
SHIFT END AROUND 2 


MULTIPLY TEST ENABLE 


3, Aydt SEQUENCER CONTROL 
4, MICROPROGRAMN BRANCH ADDRESSING 


ay SEGUENCER ANCILLARY LOGIC CONTR OL 
| CONDITIONAL TESTS 

MICRO LOOP COUNTER 
6, PROCESSOR BUS CONTROL 

MEMORY 

1/0 

INSTRUCTION DECODE 


SYBEX 


a 
MICROPROGRAMMED 16-BIT PROCESSOR WITH AMD 2901/2909 
KA ess 


X-BUS_DATA X-BUS ADDRESS J 


DATA OUT BUS -_Y 


— IN BUS ~ D 


> =] 
oa 
== 


foe _ 


INT. 1 VECTOR 
INT @ VECTOR 


Si »Se FE, PUP 


BLANK — 


SYBEX 


SELECTING MICROPROGRAM STORAGE-ROM >” 


TWO CRITERIA 


1. SIZE 
2. SPEED 


OTHER CRITERIA 


1. PROM AVAILABLE 
2, SECOND. SOURCE 


SIZE: . EXAMPLE 


IF TOTAL ROM SPACE REQUIRED 256 WORDS x 48 BITS 
CHOICE 256 x 4 TWELVE REQUIRED 
256 x 8 SIX REQUIRED (HALF BOARD SPACE) 
BUT SLIGHT TIME PENALTY 


SYBEX 


ROM SELECTION AND USE = 


SPEED OF CHIP 
ROMS/ SIGNETICS 825229 256x4 TA = 50ns 
‘SIGNETICS 825214 256x8 TA = 60ns 

PROMS/ SIGNETICS 825129 256x4 TA = SOns 
SIGNETICS 825114 256x8 TA = 60Ns 


SPEED IN SYSTEM (SERIAL) 
EF | 
2901 ARRA 


[appr_] 
ieee 


SEQUENCER 


CLK 


+ FROM COMPLETION OF CYCLE 
CHANGE ADDRESS 


DELAY ROM 2901 ARRAY CYCLE (-20ns) 
(WORST CASE ACCESS TO ABI 


Fhe oe ae L a TRUE 60ns (50Ns) | 


SYBEX 


190Ns =290ns/ 


j (280ns) 


BUFFERED OPERATION (PIPELINING) 


INSTEAD OF SERIAL OPERATION OF THE SEQ-*ROM—*ARRAY 
BUFFERED OPERATION 


ARRAY AND SEQ/ROM CONTROL IN PARALLEL 
ARRAY LAGS ONE STEP BEHIND SEQ/ROM 


 scasdulsumaniaheesesonnin cur 


SYBEX 


3-43 


BUFFERED SYSTEM TIMING 


_ ROM a2 
DELIVERS ACCESSES AT BUFFER 
ADDR €+2 : 


‘T SEQ ROM Cas 
DELIVERS ACCESSES AT BUFFER 


ARRAY Si, ARRAY | 
EXECUTES ng [FE* PUP EXECUTES | 

C C+r 
ya) * be 190Ns 
rc i. JF 


* THROUGH BUFFER DELAY ~15ns (AM 2918) / ALLOW 20ns 


ADVANTAGES 
210Ns VERSUS 290Ns 
NON-CRITICAL SEQUENCER AND ROM TIMINGS 
ALLOWS MORE LOGIC IN CONTROL CIRCUITS 
ALLOWS SLOWER ROMS 
DISADVANTAGES 
REQUIRES BUFFER 
"INITIATE/EXECUTE OFFSET” 


SYBEX 


~ INITIATE/EXECUTE OFFSET PROBLEMS 


THE BUFFERED ARCHITECTURE REQUIRES 
SEQUENCER/ROM TO INITIATE «+ 1 WHILE ARRAY IS EXECUTING 


(NOTE: THE MICRO-INSTRUCTION « IN THE BUFFER IS CONDITIONING THE SEQUENCER 
DURING THE INITIATION OF t+ 1.) 


CONSEQUENCES : | a 
1, IF THE OUTCOME OF INSTRUCTION & MUST CONDITION &+ 1 ADDRESS 


THEN + 1 MUST BE DELAYED ONE CYCLE 
2. IF A BRANCH IS TO BE EXECUTED IN CYCLE AFTER INSTRUCTION & 

THEN THE NEW ADDRESS MUST BE AVAILABLE TO SEQUENCER AT BEGINNING OF < 
3, IF INSTRUCTION i IS LAST IN A LOOP 

THEN LOOP COUNTER MUST BE DECREMENTED DURING t- 1 


SYBEX 


CONDITION TESTS - FOR 2901/2909 CPU 


CONDITIONS TO BE TESTED TIME AVAILABLE 
FROM ARRAY: — CARRY END CYCLE t 
OVR END CYCLE .t 
SIGN END CYCLE ¢ 
F=0 END CYCLE t 

FROM LOOP CTR: CTR=2 BEGIN. CYCLE t 
OTHERS: BUS ACCESS ASYNCHRONOUS 
INTERRUPT ASYNCHRONOUS 


SYBEX 


CONDITION MICROINSTRUCTION SEQUENCING 


AN "ABORT" a; Oops oa (eat es REQUIRED 


CYCLE 4. ae. oe, mle as 
EXECUTE t ABORTED (BR) t | i+1 | 
FETCH t+] i(pr) i(BR)+I L+] (+2 
CONDITION] — Té Fi 
(> BR) : ~ OR yp) : 

ORT YES (No) (no) (NO) (No) 
eye YCLE 
Eee tutes 


NOTE: 
CONDITIONS AVAILABLE END cycte 1/1’ 
ABORT DECISION MADE EARLY IN CYCLE 2/2’ 
EXECUTION OF L+l IN PROGRESS DURING CYCLE 2 


SYBEX 


EXECUTION ABORT 


DEFINITION 


AN INSTRUCTION IS ABORTED IF PREVENTED 
FROM ALTERING REGISTER OR CONDITION STATES, 


NOTE: ALL 2901/2909 REGISTERS AND FLAGS ENABLES 
ON CLOCK _¢— 
(RAM LATCHES MAY BE DISREGARDED) 


ABORT IS ACCOMPLISHED BY PREVENTING _f ~ 


FOR GIVEN INSTRUCTION 
ABORT 
—_) >— ABORTABLE CLK (CLK") 
CLOCK 


IMPLEMENTATION 
SYBEX 


EXECUTION ABORT TIMING 


3-48 


ABORT SIGNAL MUST 


CYCLE 2 


STABILIZE BEFORE CLKut 


CYCLE 5 


| ABORT HOLD 
ABORT | —— 


CLK’ 
any | EE ES Actes soe €+Z 
C EXECUTE == == EXECUTE 
ABORTED 
TEST CONDITION 
LATCHED/FLAGS——f=-- 
—¢H FETCH C (BR 
FETCH 


ADDRESS BR 
MUST BE AT 


2909 mux 
HERE 


— fai 
mip e| L.(Ap) +) 


CHANGE €+1 TO (BR) AT 
INSTRUCTION BUFFER OUTPUTS 
MUST OCCUR HERE 


SYBEX 


CONDITIONAL TEST IMPLEMENTATION USING 2909 


TEST AND BRANCH IN INSTRUCTION & CEXAMPLE P.63) 
BRANCH ADDRESS AND TEST MUST BE LATCHED 


DURING & + 1, (USE ADR REG IN 2909s FOR BR) 


RO-7 
1.A.B 
TEST FIELD 


FLAG 


COND 


LOGIC LOOP CTR CARRY 


F=0 
LATCH SIGN 


CONDITIONAL TEST IMPLEMENTATIONS USING 2909 


ALTERNATIVE | 
TEST AND BRANCH IN INSTRUCTION ¢ #1] 
FLAGS OF INSTRUCTION ¢ ARE LATCHED 
TEST FIELD AND BRANCH ADDRESS GATED FROM 


BUFFER DURING C + 1 (USE 2909 D.., INPUTS) 
LOOP RET ADR 


1,A.B 
TEST FIELD 


BRANCH 
FIELD 


LOOP CTR 


LATCH _ SIGN 


SYBEX 


COMPARISON OF BRANCH/TEST IMPLEMENTATIONS © 


FAR-REACHING IMPLICATIONS: 


BRANCH/TEST INL BRANCH/TEST_IN U+1 
ADVANTAGES ADVANTAGES 
CLEANER, MORE COMPACT PROGRAM ENCODED MICROINSTRUCTION 


SAVES ROM WIDTH 
GREATER PARALLELISM (OVERLAP 


OF TEST AND EXECUTION OF i+l LEAVES 2909 ADR. REGISTER 

IF TEST FAILS) FREE FOR LOOP IMPLEMENTATION 
_CLEANER TIMING (BUFFERED . LESS HARDWARE (NO TEST 
ADDRESS LOOP | LATCHES - ONE CHIP) 

DISADVANTAGES DISADVANTAGES 

WIDER ROM WORD LESS COMPACT MICROPROGRAM 
EXTRA CHIP FOR TEST LESS PARALLELISM 

LATCH 


1. NO OVERLAP OF TEST 


2, EXTRA INSTRUCTION FOR 
BRANCHES AND RETURNS 


3, EXTRA STEP FOR INITIALIZING 
LOOP RETURNS 


SYBEX 


COMPARISON OF MICRO INSTRUCTION FORMATS 


BRANCH IN U 
Se Te 
7 mat "le r6 ih Ewe (4ke st 


[$$ 46 Bir 


BRANCH / TEST IN U+1 


oe le) ee oa OY Oe eee), HEKECUE 
‘ 


2e2i2 


rt2 4% 8 lam fe BIT ureranCa/i*t)—e 


fe 82 87 —___________________J 


SYBEX 


COMPARISON: SUMMARY 


BRANCH/TEST IN t_ 2. BRANCH/TEST IN i+ 1 
FASTER BUT MORE EXPENSIVE CHEAPER BUT SLOWER 
FEWER ROM WORDS/WIDER FIELD MORE WORDS/NARROWER FIELD 


HOW TO DECIDE 


IF SPEED IS CRUCIAL -- CHOOSE 1 
IF COST IS CRUCIAL: PROBABLY BIT SLICES AREN’T THE RIGHT TECHNOLOGY 
IF SPACE IS CRUCIAL THEN CHOOSE 2 
~ JE THE LACK OF MICROPROGRAM COMPACTNESS DOESN'T 
FORCE THE ADDITION OF ANOTHER BANK OF ROMS 


THE APPLICATION MUST DECIDE 


SYBEX 


CONDITIONAL LOGIC TIMING REQUIREMENTS 


TIMING: ASSUME 210 NS CLOCK WITH 1, = 50 
ASSUME 20 NS CLK-ABORT —> CLK’ 


CONDITIONAL LOGIC MUST 


1. GENERATE ABORT SIGNAL BEFORE CLK —s_ 
210 NS - Ty - DELAY = 140 NS 
2, GENERATE $ S$. TO SELECT BRANCH ADDRESS 
IN TIME FOR: ROM OUT —> BUFFER AT _#~ 
210 NS - (SEQUENCER DELAY + ROM DELAY) 
| (S, So Yi) 
210 NS - ( 20 NS + 60 NS ) = 130 NS 


ASSUME 20 NS LATCH/BUFFER DELAY AT START OF CYCLE 
MAX CONDITIONAL LOGIC DELAY = 110 NS 


SYBEX 


CONDITIONAL TESTS 


MICROINSTRUCTION 
cOND |, , II/F 
COND 
ig 
1 
2 
3 
y 
5 
6 
7 


FIELD 


TRUE 
CARRY 
OVR = 
es = 
Fg-15 
Fp- 7 
Fg - 45 
BUS 
T/F 
Q: 
1; 


CUNCONDITIONAL) 
= ot 


— 
jo} 


9 (LOWER BYTE) 
9 (UPPER BYTE) 


BRANCH IF CONDITION TRUE 
BRANCH IF CONDITION FALSE 


SYBEX 


BRANCHING OPERATIONS DEFINITION “a 


ASSUME BRANCTH/TEST IN INSTRUCTION (48 BIT IMPLEMENTATION) 
I - FIELD B/L = @ (BRANCH) | 


2909 2909 PINS ABORT 
sk: Lo] SYMBOL ACTION S, 355 FE PUP 
0 - MPC To ROM apr 0 0 ] X NO 
| BR AR to ROM apr 0 ] ] YES 
2 PUSH BR AR To ROM ADR 0 1 0 YES 
mPC To STK 
3 POPRET STKB To ROM apr 1 0 0 0 YES 
PLUS LOOP RETURN (SPECIFIED IN LP FIELD) 
eo ! 
LPRET Bae /D0-7 To ROM ADR ] 1 ] x NO! 
AND INTERRUPT (AUTOMATED) 
- INTERRUPT INT. ADR/Dp_ ROM 
0 7 10 ADR 1 0 1 NO 
PC To STK 
LITERAL/ 
PRIORITY ; LOOP RETURN > Fcc! > INTERRUPTS 


SYBEX 


LOOP RETURN MICRO COMMANDS 


LR LD: LOAD LOOP COUNTER 0 = NOP/1 = LOAD 
TD: TEST AND DECRENENT 0 = NOP/1 = TEST cectr#@? 
BRANCH IF TRUE 
DECREMENT IF TRUE 
NOP IF FALSE 
TIMING: : 
UNLIKE ALU TESTS, LOOP CTR # @ IS AVAILABLE AT START OF CYCLE. 
BRANCH ADDRESS IN INSTRUCTION BUFFER DURING 
1. GATED INTO 2909 D INPUT IF COUNTER # @ 
2. IGNORED OTHERWISE 
NO ABORT IS REQUIRED 
A CYCLE IS SAVED IN EACH ITERATION 


SYBEX 


LOOP RETURN TIMING 


ASSUME. A MICROPROGRAM LOOP 
Utp /FIRST INSTRUCTION 


Ut /... TD = 1. BR. ADDR= Up /END OF LOOP 
teed NEXT INSTRUCTION 


EXECUTE i-4 Le Ute it i¢ed 
BUFFER 
ADDRESS me 
FIELD 
1D| ¢ : p an |" ° 
LOOP CTR «jt 1 y(vecr) gig ¢ 
FETCH bt ——> Up —>|  # — Ltprd ‘9 ier 
uPC lt ied isp et ; igtd 
TEST/DECR TEST. NO DECR 
OCCURS HERE OCCURS HERE 
CTR# 8 —>BR | CTR= B+ it] 


SYBEX 


ABORT 


SEQ 
D~INPUT 
CNTL 


LITERAL 10 BU 


Cis 
OVR 


OF Fisel fh 
ney ee 


MUX ake 


BUS 


DISCRETE 
LOGIC 


nh CONDT/F INSTR 
PLA BRy BUFFER 
OR BR, 

ROMS TD (LooPcTL) 

B/L (BRANCH/LITERAL) 

INTROS (SYSTEM) 

InTRa1 (1/0) 


COND¢ 
COND, 
COND2 


INTRQ2 (OP. AVAIL) 
LOOP CTR 


SYBEX 


BRANCH LOGIC IMPLEMENTATION 


THE LOGIC IN THE BOX CAN BE PERFORMED BY 


8 CHIPS DISCRETE LOGIC 
or 1 ROM 512 x8 
or 1 PLA 14(16) x 48 x 8 


COMPARISON | INPUT 
METHOD SPEED PINS* DISSIPATION COST SPACE EXPANSION 
B CHIPS us. 4ONS 8x16=128 8x50 m¥= 400 mW $8 4 IN? NO 
1 ROM512x 8 6ONS 24 700 WH 15 5) 1 IN? NO 
1 PLA (48) 50 .NS 24/28 600 MW Page>) 1 in? ves 
— (5 SIGNALS) 


*RELIABILITY AND BOARD COMPLEXITY 
**HIGHLY UNPREDICTABLE 


SYBEX 


P.L.A. 


P.L.A. REVIEW 


IS A THREE STAGE ARRAY 


FUNCTION STAGE 1: PRODUCTS OF INPUT TERMS 


P = Kn g b¢ A Kas > by A Kno’ Le A ewe 


WHERE K, = 1, Bf. -1 such THaT 2t=t 
PL= UNDEFINED (IE. NO TERM) 


—Lti=t 


PRODUCT 
L MATRIX 


61 


lo 


AT EACH INTERSECTION AT LEAST ONE FUSE MUST BE BLOWN 
STANDARD INPUTS ty :14 orl6 
PRODUCTS Px:48 or 96 


SYBEX 


PLA STAGE 2: SUMMATION 


FUNCTION STAGE 2: SUMMATION OF PRODUCT TERMS 
Sr = dep Py Vv dea PLOY dee Vee 


WHERE Jeg = 1. 8  sucH THAT 1-P =P 
O:P = UNDEFINED (1.£, NO TERM) 


; x 


_ WHICH MAPS ONTO 


SUM 
S MATRIX 


NOTE: STAGE 3 FUNCTION -- NEGATION OF SUM TERMS 


S-=l, S WHERE L, = 1, -1 sucH THAT 1 S’ = S' 
-1S' =$' 


SYBEX 


CIRCUIT OF SUMMATION (STAGE 2) MATRIX oe 


STAGE 3 


Vec Vcc (NEGATION. OF 
SUM TERMS) 


ed 
oe 
yyy 


STANDARD S$, 8 
cs (P,=48 or 96) 


SYBEX 


PLA CHARACTERISTICS 


THREE STANDARD CONFIGURATION 


14 INPUTS 48 PRODUCTS 8 OUTPUTS (PLA. FPLA) 
16 INPUTS 48 PRODUCTS 8 OUTPUTS (PLA. FPLA) 
14 INPUTS 96 PRODUCTS 8 OUTPUTS (PLA ONLY) 


AVAILABLE OC OR TRI-STATE OUTPUT, OUT ENABLE 
RANGE OF SPEED 50 NS - 100 NS 
DISSIPATION: EXAMPLE (SIGNETICS 82S101 16 x 48 x 8 FPLA 50 NS) 
| 600 mW 
24 on 28:PIN PACKS 


PROGRAMMING: SPECIFY J.K.L MATRICES BY PAPERTAPE OR CARDS 
PLA: FACTORY MASKED 
FPLA: FIELD PROGRAMMABLE WITH FUSE BLOWER 


SYBEX 


ADVANCED LOGIC DE -rep gy SIGNETICS 


CUSTOMER NAME 


“Input and Output fields of unused P-terms can be teft 


NONE (FREE SAN EX-OR, MUX, ADD 


CENCE ratythhwen ef RE 


PURCHASE ORDER # 


PLA MASK CODING: CARDS OR TAPE. | 3-66 


/EN YOU LIKE 
OSE LOGIC APPLICATIONS 


8281001107 
1 


TOTAL NUMBER OF PARTS 


SIGNETICS DEVICE # __. 
PROGRAM TABLE # 


Se CARY cas 
an 
a 


PROGRAM TABLE OF SAMPLE DEVICE 


PROGRAM TABLE ENTRIES 
OUTPUT FUNCTION OUTPUT ACTIVE LEVEL 


DON’T CARE PROD. TERM PROD. TERM ACTIVE ACTIVE 
PRESENT INF, | NOT PRESENT IN F HIGH LOW. 
L 


u_ |= toss | eters | eT 


NOTE NOTES NOTES 
Enter {-) for unused inputs of used th Entees independent of cutput polarity 1) Polarity programmed once only 
P-tecms 2) Enter (Al tor voused outputs of used P terms 21 Enter iM) for ett unysed outputs 


og — ACTIVE LEVEL 
LitititLHiHtHTH 


TWX TAPE CODING FORMAT 


sae = Tr eo el 
PROGRAM TABLE J ed procnamtame! 2 1 We iz 
i | cm | MEADING 4 RUBOUTS 1 1«£ 
Datalt DAlé int ' TRAILER s 
my ram ome, 1 4 MING we eee : 
Pasa Say 


START OF DATA TEXT 


START OF DATA FIELD 


(CONTROL A OF 8) PRODUCT TEAM DATA IDENTIFIER 
1 SPACE (MANDATORY) 
cannes PRO UCT TERM NUMBER START OF DATA FIELD 
OATA FIELD Pp oe patie ale OUTPUT FUNCTION DATA IDENTIFIER 
ACTIVE LEVEL INPUT VARIABLE, AND OUTPUT FUNCTION 
DATA IDENTIFIER INPUT VARIABLE DATA IDENTIFIER DATA FOR ALL PRODUCT TERMS USED 
heave caves cats , OUTPUT FUNCTION DATA 
ve eel INPUT VARIABLE DATA 18 DIGITS, A/e} ENO OF DATA TEXT 
: {16 DIGITS, H/L/—} (CONTROL C} 
abies aN a a ee ea Noe tae Daa eee 
STX cA FoF gESFaFsFoFyFgeP 00¢1 lystralratlratralrolgighzigisiglgtalylg °F F PF GF SF ak gFoFyFgeP Ol. °F ” Fo fT 


_______ QUTPUT FUNCTION =~ {|  OUTPL 
PROD. TERM [ine TERM WOT | — 


DON'T CARE 


ee __PRESENT IN F, PRESENT IN F, 
~ (dash) Pesce week 


A 


22.8 (peniod) — 


NOTE 
Ete (~) for unused inputs of used P.terme 


NOTES 
Ve Enters independent of output polarity 
2) Enter (A) for unused outputs of used P-terme 


NOTES 
VU Potety programmed once only 
21 Enter (MH) tor af! uoused outputs 


FPLA: FUSIBLE LINK 


FUSE Fl 


CC 


EITHER FUSE Fl OR F2 IS BLOWN 


SYBEX 
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LHLLLH-~~—HLL— 
LHLLLH-——HLLL— 
LHLLLH-~—HLLLL— 
LHLLLH-HLLLLL— 


LHLLLHHLLELLL— 
LHLLLHLLLLLLL- 
(a ees HL 
ELHLL Hs. 
HLHLLH--~-~—~—— 
HHHLLH-——-———— 
LHHLLH-—-——H—— 
LHHLLH-~——HL —— 


LHHL LH--—HLL—— 
LHHLLH-—HLLL—— 
LHHLLH-HLLLL—- 
LHHLLHHLLLLL-- 
LHHLLHLLLLLL-H 
LHHLLHLLLLELLL—-L 


LLLLLLLL 
Sdetiasiaae AA— 
A---—AAA 
AA-—--AA - 
iy. Puree. nae 
——A--AA- 
ach ARS 
~—AA-AA- 
~-~~AAA- 
—A-AAA- 
—-—AAAA- 
—~AAAAA-— 
=-A-—AA- 
A-A-—AAA 
AAA-—AA- 
~AA--A-— 
=e -A<AA= 
—~-AA-AA-— 
menmeny VV 
—-A-AAA- 
== AAAA= 
~-AAAAA- 
Seana! AA- 


LUCEHLH=s222025 
HLLHLH---~ --~- z 
HHLHLH---—----— 
LHLHLH-. .-H--- 
LHLHLH- -—HL ~~ - 
LHLHLH-—HLL -—- 
LHLHLH-HLLL-—— 
LHLHLHHLLLL-—— 
LHLHLHLLLLL-——H 
LHLHLHLELLLL -HL 
LHLHLHLLLLL-LL 


1G bees cemeares « a aD 
LLHHLH----~--—- 
HL HHLH-———- oe 
HHHHLH------- -. - - 
LHHHLH-—-H---— 
LHHHLH-—HL--—— 
LHHHLH—HLL---- 
LHHHLHHLLL----— 


LHHHLHLLLL--—H 
LHHHLHLLLL-—HL 
LHHHLHLLLL—--tL 
LHHHLHLLLL-LLL 


Seay Wee te 
A- -A--AAA 
AA -A-AA - 
Ama Rac 

-~AA-AA - 
- --AAA. 
~.-A-AAA- 
~ --AAAA - 
—~-AAAAA- 
Ey aris AA~ 


—-A-AAA- 
—~--AAAA-— 
~~ AAAAA- 


Ace N= 
Ree ey ve 


ETX 


AMD 
INTERSIL 
MMI 
SIGNETICS 


FPLA’S 


INPUTS | PRODUCT 
TERMS 
16 48 


WY 48 
14 48 
16 48 


SYBEX 


OUTPUTS PINS | 
28 


8 

8 24 
8 28 
8 24 
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CURRENT PLA’S | ee 


~ HUGHES 


- INTERSIL 


- NATIONAL SEMICONDUCTOR 


- SIGNETICS 


SYBEX 


PLA APPLICATIONS 


SEQUENCING 

ALU CONTROL = MICROINSTRUCTION DECODING 

CODE CONVERS! ON 

ASC IT STANDARD INTERFACE BUS (IEEE 488-1975) 
FAST DECODING (50-100 NS) 


ROM PATCHES 


SYBEX 


3-7) 


BRANCH CONTROL PLA PRODUCT TERMS 


BRANCH & 
NTT FSC CONDOUT (MUX) 
Z “os ne Si ioe ee cate ae ee CONT/F 


=PUSH BR 


Va meee as 1BR Q=NoP 
=POPPET 


BL 
(BL=@ BRANCH 
=] LITERAL/NB) 


C 
Gopal A LC#OD) 
L.R. PRIORITY 


INTRQ,, HIGHEST PRIORITY 


| INTRQ 4 
| 
| es | INTRQ (OP, AVAIL) 
= = = 0 = v0 w vz vz w2 2 fr 
cr 2 z z Ow cw we oO w cw wD Oo oOo 
-“ + com =| me) ” ~~ imo] (2) ~~ (@) oO 
4 2» Ps) bo) ~ x vn 7 a + > 
m (=) oO oO m wow ~~ m to ~ P°] 
3 N _ oO + ee] 4 bs) m 
vn n ‘ ~ 


PRODUCT TERMS (18) 


(8) 


SUM TERMS 


ABORT 


BRANCH CONTROL: PLA SUM TERMS 


PRODUCT TERMS 4 


-LITERAL 
INTRQ2 
INTRQL 
INTROS 
POPRET(F) 
NB 
ne 
oP) 
ee 
PUSHBR(T) 
NoOoP 
LOOPRET 


: 


5-75 


CONTROL AND DATA TO 2909 SEQUENCER 


INSTRUCTION BUFFER (AM 2918) 


oe 7 
vas 
oe VT VEN VY = 
aig + - oe 
paeel be 
[| APC 


LITERAL 
cS [> [NS hs 
ae semen 
D-inPuT . 
sage a 


ch | vex Ed 


PROCESR 
D-BUS OPCODE 
CPLODE 


PLA 
FID | ROM/PLA +] 
| ao 
; ro ¢cis 
INTERRUPTS = CLK : 
INTO: SYSTEM ron Vee 
INTL: 1/0 


77D 


MICROPROGRAMMED 16 BIT PROCESSOR WITH AMD 2901/2909": 


g-S o-ts 
X-BUS DATA X-BUS ADDRESS 


_ DATA IN a -D 
INT. 1 VECTOR 2] 
2901 “_- a 
: 


INT @ VECTOR 
LOOPCIR 


sna @ 03S 
i 
ae . 


St»Se-FE. PUP 


BUS CONTROL 


~ D_BUS SOURCES CONTROLLED BY 
LITERAL—> D B/L = 1 

X BUS DATA—> D | D BUS, = 1 
D_BUS DESTINATIONS 

D — OP DECODE | ALWAYS ENABLED 
D —> A/B REG, REGS D BUS, = 1 
D— 2901s lowe 

D —> LOOP CTR LC.,21 
Y_BUS DESTINATIONS 

Y —» X BUS DATA  YBUS, =] 
Y—» X BUS ADDR/RD Y BUS,, = O1 
Y—> X BUS ADDR/WR Y BUS,. = 10 
Y—> X BUS ADDR/OPR * R BUS,. = 11 


"NOTE: CAUSES PAUSE —» INT3 WITH OP 


SYBEX 


D TO X - BUS LOGIC: DATA TRANSCEIVER 


AM 2907 QUAD BUS TRANSCEIVER LS 400 MW / 35 NS 
TRI STATE RECEIVED OUTPUTS 20 PIN PACK 
LATCHED OPERATION 
PARITY CHECK / GENERATE rier ders 


paaity 


INT 1: 1/0 INTERRUPT GENERATION 5-78 


INT] IS GENERATED BY 1/0 REQUESTS 


WHEN INT 1S ACKNOWLEDGED THE INT@ VECTOR IS GATED 
TO SEQUENCER D INPUTS. ,2 PC IS STACKED 


THE INTERRUPT VECTOR 1S THE ADDRESS OF THE MICROPROGRAM 
SEQUENCE TO SERVICE THE INTERRUPT 


SINGLE LEVEL INTERRUPT SIMPLY FORCES FIXED ADDRESS 


PRIORITIZED INTERRUPTS MUST BE SORTED 
VECTORS MUST BE GENERATED 


INT 1 4 ROM 
VECTOR PRIORITY LEVEL 


sax 
WNTecy | SRNBEECS | 
SYBEX 


VECTORED PRIORITY INTERRUPT ENCODER AM 2914 


8 LEVELS VECTOR OUTPUT 
MASKING REGISTER. CASCADABLE FOR 8 LEVELS 
STATUS FOR LOWEST PERMISSABLE LEVEL 70 NS DELAY 


PIN Syleul.¢ 


—~ Cll t 
———— Ly - ' 
i; NET IN. {> ; gmat 


—{LD outrui aw ; 
BiB CTIONAL Pee E Grate 
ea 10 ne {> ceuthul 


CS en 


SUMMARY 


16 BIT PROCESSOR EXPLOITS MAXIMUM CAPABILITIES OF THE AMD 2900 BIT SLICE SERIES 


MINIMUM CYCLE TIME 
POWERFUL MICROINSTRUCTION 
HIGH DEGREE OF PARALLELISM 
LOOK AHEAD 
FETCH PIPELINE 
BRANCH PREPARATION (SINGLE INSTRUCTION INTERRUPT SERVICE) 
CONDITION TESTING 
LOOP COUNTING (SINGLE INSTRUCTION LOOPS) 
POWERFUL DATA PATHS | 
SIGNIFICANT AUTOMATISM 
OP CODE VECTORING 
LOOP CONTROL 


YSTEM 
INTERRUPTS eae 


1/0 
~ 50 CHIPS 


SYBEX 


NEW AMD CHIPS 


AM 2901A SCHEDULED (7604) 
IMPROVED SWITCHING SPEED 
NEW CONTROL CIRCUITS: (7604) 


- 29811 FOR SELECT LINES AND STACK CONTROL OF 2911 
CONTAINS LOOP COUNTER 


- 29803 CONTROLS OR INPUTS ON 2909 = MULTI-WAY BRANCHING 
(UP TO 4 TEST LINES) 


NEW 2-PORT 16 x 4 RAMS 29704, 29705 (7604) 


2910 MICROPROGRAM CONTROLLER 


SYBEX 


USING A CONTROLLER 


opcope J | 


MAPPING 


BRANCH ADDRESS/COUNTER 


3 CONDITION SELECT 


pee SYBEX 


TEST CONDITIONS 


AM 29811 SEQUENCE CONTROLLER 


JUMPS 
TO ZERO 
TO ADDRESS 
REPEAT IF COUNTER # 0 
TO SUBROUTINE (1 oF 2) 
TO EXTERNAL ADDRESS 
TO MAP ADDRESS 


COUNTER OPERATIONS 
LOAD 
TEST AND JUMP 


STACK OPERATIONS 
PUSH PC 
RETURN 
JUMP AND POP 


SYBEX 


29803 Be 


MICROPROGRAM 
MEMORY 
MICROREGISTER 


SYBEX 


2930 PROGRAM CONTROL UNIT 3-85 


IE ‘TEST D CLOCK 


I 
4 
u INSTRUCTION 
DECODE 


16-LEVEL 


PUSH-POP 


2910 CHARACTERISTICS 


- 12-BIT MICROPROGRAM ADDRESS GENERATOR 
- 4 LEVEL STACK 
- 12-BIT LOOP COUNTER (TEST/DECREMENT) 
- 16 PAIRS OF INSTRUCTIONS: 
_ 4. BIT PAIR SELECT 
- CONDITION CODE CC + LOOP COUNTER SELECTS ONE OF PAIR 


- 40-PIN DIP 


SYBEX 


AMD 2910 MICROPROGRAM CONTROL UNIT | 


ards oc MAPPING ROM 


CP 12 
en a ee 
2922 . AM 2910 CLOCK 
FUNCTIONS : REN 
ADDRESS 
: B 
MICROPROGRAM 
MEMORY 
14K 
Lt MICROREGISTER CLOCK 


REST OF SYSTEM 
SYBEX 


4. OTHER BIT-SLICE DEVICES 


SYBEX 


1966 


1973 


1975 


1976 


1977 


THE BIT-SLICE FAMILY TREE 


700 


130 _—OMMI_=6701 
AMD 2901 


SIGNETICS 
3000 


SYBEX 


SESCOSEM 
MOTOROLA 
MMI 
RAYTHEON 
SIGNETICS 


4-0 


_ OTHER BIT-SLICE SERIES - MM 5700/6700 SERIES"? 


MONOLITHIC MEMORIES 5701/6701 


IMMEDIATE PREDECESSOR OF AMD 2901 
ALMOST IDENTICAL ARCHITECTURE 


fat 
ier 
“a L 
CLOCK uu, 


woe 

ay 

> 
4) i 
bal BeeLect | m4 
14) a 
ATA 
(¢ 


MM 6701 VERSUS AMD 2901 = 


6/701 2901 
CYCLE 185 NS (SPEC 175 NS) 105 NS A. B CLK 
(6701 - 1: 90 NS) 
ADDRESS HOLD -10 NS/CLK _# @ NS/CLK 
16 BIT COMPARISON 185 NS (175) 145 NS 
(W/O_SHIFT AROUND) | 
FLAGS OUT C, OVR, F = 2, C, OVR. N. F= 8 
= 111 | 
(6701 - 1 HAS N) 
BUSSING ~. AOR B ORF AOR F 
TO DATA OUT TO DATA OUT 
BoD-+B — AoD-B 


ALWAYS LOAD B AND/OR Q LOAD B AND/OR Q OR NO LOAD 


(MISCELLANEOUS ALU DIFFERENCES) 


SYBEX 


MM 6701 DETAILED DIAGRAM 


Cen « PACKADE INPUT 
Smee» PACKAGE OUTPUT : 
QO « PACKAGE MPT AND OUTPUT 


SHIFT MIGHT OUT (SAO) 
SHIFT LEFT ON ISLID 


SMI¢T LEFT OUT ISLOI 
SHRET RIGHT IN ISA) 


SHEET Q RIGHT 
(soan 


. ) 
SHIFT QO LEFT Out 
*SOLO} 


Cit 


Some O MGMT OUT ORO 


PU = 


TRANSFER 
oon Lert wen | 


ee Nie 


OswHiFten 2 
$3 


AAS SHIFTER Hi 


m1 2 
int Tay 8 OF 
FUNCTION 99 8 19 DATA Ie lat OF ALL Sets : 
OUTPUT «4 WET A SELECTED m0 0 “a 
SELECT AL " Ss ad 
SELECT OATAW HL ~~ QUAL 4 BIT DUAL 4 BT S32] Function 
WARE NOR OF DAIAM BA MH OH hi SELECT pes Syy LIKE Sq B Sig 


. 


ter rimparae 


Se SELECT A OR A OR ALL HIGHS TRUE + 
1] $10 SELECT ON " come 
$17 TRUE /COMPL, 
s S12 SELECTS TT] il 
ry yvaee $13 SELECTO AMT OF LOGIC t 
nom Syq TRUE 'COMPL Sty O° 
‘a Sig ALU (ADD/TRANSFER} Sig Oe ei 
3 Sig ALU (LOGIC INVERT) Sie a ele arcane 
ree Sey ALU IIL, CARAY) CxO “ 
WS TAUCTION 
AND, OR, EXCLUSIVE OR, 
Sy SHIFT LERT FORCE, INVERT, ADD, 
2 ¢ $7 NO SHIFT SUBTRACT, INCREMENT, 
$} SHIFT RIGHT DECREMENT, TRANSFER, 
, Sq LOAD RAM FORM 27'S COMPLEMENT 
1Q % toaog 
Sq OUTPUT A LLATCH 
Or: $7) OUTPUT ® LATCH 
Sq OUTPUT F 


SYBEX 


MM 6701 TIMING 


es. caaacree Se AS CHARACTERISTICS? ~ Smid 4g. face cae nee ; | 
ert] eres a re | : | tes TAME tas MAROECONCS ‘ = 
gv1 teu 
0A! a 
" PARAMETER | AYMBAL CONDITIONS 28° 10 18°C 


nee 


t Sorug Tome Betere tn thee to Low 
|. See Stee vente a eae aoe a c ; : 0 toto 
i “twee 

the Rates 
{ Ove tes 
ie Tale inten Coram ees 
| Rete Onamete Meneses ALE 
: “Bote ewe eee ALT 
( 

‘ 
H 
: 
‘ 
' 
a 


Hy “Coy hen ine Inger. joe ager. yay? He 
pas aaa 


“hau ‘Ti age Cares 
fweme oa 


Sc armugen Whe smegte we eon Oecte Teme _ Tereug ¢ Tera ad 3 730 | xy 


The men: mar at OF pateite Aout Bnd GuPBul CONerl-O- 2 tee mE aE paapeenr gare qenea yore ter Turrent eager be YC erm 
wg 2 18 OF ‘een IB Of OF SN! Ol te POUR 


© qeocet cece we meee en Ot Vee 5 3 0¥ oe aE 


“naw. tree ic. Sa avail 
“Ore e aes ae 


“Rav pene Gown 
2 Batre, Crpute 


Dela Va Dhrete Control te 


ii Ciera Ovtp ate 


ree nee OE att OONRA Fe EEE ONE ETO ROE 1 ROT Od OE Getm RE ROG mee mE Ur tERt Mirwegh 8 oamrer ta VEL Ind 


SYBEX 


| * Vemeat catatn Ort mace ed 6 V6 ¥ ond 18°C 


MM 6701 MICRO INSTRUCTIONS 


t 
; INSTRUCTIONS IN TRE 37 2 9 POM. POSITIVE LOGIT ite Ht 3M tT § APPE TATION 
—T iF 
* : 2 < . 5 * r ee 28 oe x : 
ia = cd var r 3 
a Ms : 7 mentee Oe Bay roenee 
oper boty 


Aye mn Lv operas Or Leases 


sD eta 
PR sa 


1s tb = Ceepe 
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MM 5710/6710 MICROPROGRAM CONTROL UNIT 


COMPLETE CONTROL IN ONE CHIP 


CONDITIONAL BRANCHING 40 PIN PACK 
SHIFT CONTROL 100 NS CLOCK MIN 
I-LEVEL SUBROUTINE REGISTER ~ GO-LOW, 70-H 16H) 


LOOP COUNTER : 
ADDRESS 512 WORDS MICRO CONTROL 


6701/6710 INTERCONNECTIONS 


| ae ‘8 
PC SB i . 
oy a a . 
a i 
}— =H 8 
tH 13 
6701/6701 iss (eS a 
eu ee 9 5710/6710 
SLICE i —— Ng mcu 
os w 4 
Py a 2 id 
a oe ns 
ep NG 
a oT ns 
2 
SOLO! SORO/ ss M1 
SORI sou! a) CLOCK 
SLOv sao/ Oj OF CMmac 
sat Skt CRAR 
cau 612346678 
= 
dove PELE TEE 
ADDRESS 
Cased Ca 
o 612 woRO 
. Pj RO«M/PROM 
J 
Qj e ourruts 
0040030000; 


MEMORY 1/0 
CONTROL 


 SYBEX 


6710 MICRO CONTROL SET 


Table 1 — MCU Control Options 


Address Field Destination 


Control Action 


0 None Continue to next pinstruction 
0 Control Counter Continue to next pinstruction 
0 None/CRAR (Cond. Jump) Jump to next pinstruction if Control 
Counter # 0, Decrement Control 
: Counter 
0 None/CRAR (Cond. Subr. Jump) Subroutine Jump to next pinstruction 
if Control Counter # 0, Decrement 
Cantrol Counter 
1 0 “None Return from Subroutine 
1 0 CRAR (Jump Subroutine) Jump to next pinstruction 
Return from Subroutine when Control 
Counter Subroutine Latch = CRARg,4 
1 1 CRAR (Jump) Jump to next pinstruction 
1 CRAR (Jump Subroutine) Subroutine Jump to next pinstruction 
Table Ul — Shift Control 
Bidirectional Shift Lines Acting “ Outputs _ 
Control an fF | gg oar.* 
Code Shifting Operation - (SLO/SRI) (SRO/SLH) (SQLO/SQAI) (SQRO/SQL!) 
Ig Ig 
o | o Arithmetic Shift Left | : Q3 Flag (SC) 
0 1 Anthmetic Shift Right ! NOV - 
1 0 Rotate Shift Left : Fy Flag (SC) 
Ly Rotate Shift Right | Fy | 2 2 


High {mpedance State 
SC Contents of Carry Flip Flop 


6710 MICRO CONTROL CONTINUED 


____ Control Code _ 
Ig | ts | te | ty 
‘olololo 
olo!oj1 
o{/oj}1]o 
ololai4 
o111o] 0 
o/1]oj]1 
of1{1i{o 

oladadt 
1/o0]o0]0 
1/oj]ol41 
1/o]{1] 0 
1/o};a]4 
11/1]/o0/]0 
1/110] .1 
1/1/1110 
111 | 1 | 1 


i 


Table tI — Flag Status Control Options 


Store C 

Store N, V, Z 

Store C, N,V, 2 

Shift Flag Register into Og 

Shift Fiag Register out of Qo 
Instantaneous value of Q3 to CRARg 
Instantaneous value af Qa ta CRARg 
Stored value of C to CRARg 

Stored value of N to CRARg 

Stored value of V to CRAR» 

Stored value of Z to CRARg 
Instantaneous value of C ta CRARg 
Instantaneous value of N to CRARg 
Instantaneous value of V to CRARg 


Instantaneous value of Z to CRARg 


ly to CRARg 
17 to CRARg 
I7 to CRARg 
1; to CRARg 
t7 to CRARg 
17 to CRARg 


Conditional Branch 


Unconditional Branch 
Unconditional Branch 
Unconditional Branch 
Unconditional Branch 
Unconditional Branch 
Unconditional Branch 
Conditional Branch 
Conditional Branch 
Conditional Branch 
Conditional Branch 
Conditional Branch 
Conditional Branch 
Conditional Branch 
Conditional Branch 
Conditional Branch 


Code bit ly inverts the status of output line so that the condition is dependent upon C, etc. For the first six entries in 
the table it 17 = 0 there is an unconditional branch to X,0. If lz = 1 an unconditional branch to X,1. 


SYBEX 


COMPARISON 6710 VERSUS 2909 


6710 2909 
FUNCTIONS ADDRESS GATING ADDRESS GATING 
LOOP COUNTING STACK CONTROL 


FLAG TESTING 
SHIFT CONTROL 


ARCHITECTURE COMPLETE CONTROL SLICE OF CONTROL 
UNIT FOR SMALL UNIT FOR LARGE 
SYSTEM SYSTEM 

SPEED: CYCLE 100 NS MIN 60 NS MIN 

SPEED: CLOCK 

eas 25 NS 40 NS (FILE POP MODE) 

SIZE 40 PIN 28/20 PIN 


SYBEX 


OTHER MM 5700/6700 SERIES DEVICES 


5702/6702 4 BIT CPU SLICE WITH ADDITIONAL 


BIDIRECTIONAL I/0 PORT (NO Q REGISTER) 
5/16/6716 PRIORITY INTERRUPT CONTROLLER 
5/17/6717 | DMA CONTROLLER | 
5718/6718 1/0 INTERFACE CONTROLLER 


SYBEX 


4-12 
INTEL 3000 SERIES 


CENTRAL PROCESSING ELEMENT 


2 BIT WIDE SLICE 3 INPUT CHANNELS 
11 GENERAL REGISTERS 2 OUTPUT CHANNELS 
ACCUMULATOR 100 NS CYCLE 
MEMORY ADDRESS REGISTER 28 PIN PACK 


MEMORY ADDRESS Bus GuIPuTsS MEMORY DATA BUS 
erence Naeem, raeeeetimenttin, 


MEMORY rr 

AOOA d MEMORY DATA 

ENABLE area | Sieren | ‘O ewaane 
mm , 


eS Ce 
CAAAY ba | 
LOOK AHEAD { * 
Outputs v ARLTMME TIC Rs Ga p CARRY IePuT 
apc canay —™ an ae aoe 4 
QuTPuT a 


SHift MIGHT 
inPut 


Yea 

§, 

MICRO 3 

FUNCTION * 

Bus , 
INPUTS : er] 

e 


P SHIFT MIGHT 
ae) | oe ! QuiPut 
sniad 


e ' 
MEMORY DATA ERTEANAL MASK BUS 
BUS (mPUTS GUS INPUTS «INPUTS 
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INTEL 3002 CPE 


lo BIT CYCLE TIME WITH LOOK AHEAD (NO SHIFT AROUND): 155 NS 
(INTEL 3003) 


ADVANTAGES: 
SPEED 
MULTIPLE BUS INPUTS AND OUTPUTS 
BUFFERED OUTPUTS 


DISADVANTAGES: 
2 BITS PER CHIP 
LIMITED GENERAL REGISTER ACCESS - ALU A - MUX ONLY 
COMPLICATED MICROINSTRUCTION SET 
LIMITED FLAG OUT (CARRY AND LOOK AHEAD) 


SYBEX 


Ta © O°C to 70°C, Voc = SV £5% 


as 
om tn rt 
= SYMBOL PARAMETER min oye) = MAX OUUNIT 
tey Clock Cycte Time !?) 100 70 nm 
tor Clock Pulse Width 33 r 4] ns 
tes Function Input Set-Up Time (Fo through Fe) 60 40 ty 
Osta Set-Up Time 
fos fo. ty. Mg, My, Kg, Ky 50 K] ne 
tss Lt, ct 27 13 ma 
Date and Function Hold Tune: 
teow Fo through Fg 5 -2 "s 
tow fo. ty. Mg. My, Ko. Ky 5 -4 nm 
ten Lt, Ct 18 2 na 
Propagation Dulay to X, ¥, RO from: 
tug Any Function Input 37 52 a] 
xo Any Date input 29 42 ne 
Ix? Trasting Edge of CLK 40 60 ns 
tee Leading Edge of CLK ne 
Propagation Ovlay to CO from: 
tee Leading Edge of CLK ne 
ter Trailing Edge of CLK 48 70 re 
ter Any Function input 43 65 ns 
tco Any*Data Input 30 6s ma 
tec Cl (Ripple Carry) . 14 rs) nm 
‘Propagation Delay to Ag, Ay, Do. Dy from: 
tor Leading Edge of CLK 5 72 tt] 
toe Enable input ED, EA 12 25 


INTEL 3002 CPE TIMING 


Bg. Aig. Deg Oy cre ce ee ee ee ee 


wruTsilce —. —— ~~. 


CAARY AND SHIFT 
OuTPuUTS X.¥, 80 ——— ——. 


- wt « bs ~ “ao a 

Zz e i « 7 2 
i : i : Es 3 
8 é 5 : A ‘ 
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INTEL 3002 CPE MICRO FUNCTIONS . 


APPEND A MICRO-FUNCTION SUMMARY 


# GAQuP a-GRQUP MICRO-FUNCTION 
! Ry + (AC AK) + CH AQ, AC 
ri) rT) M+(AC AKi*+Cl2 AT 
TT] AT, 4 il, A KiL}+AO LUV fly 4 Kyh A ATy] AT, 
{ATL A Uh A KH v LAT v lly A Kahl * AT, 
' K vR,~MAR Rat K+Cl-R, 
’ u KVM—+MAR MeK+CI~-AT 
m (AT v K) e {AT 4K) ¢ CI AT 
() (AC AK} -1+CI-A, 
2 u (AC 4K) -14Ct-AT (see Note 1) 
Tt (A K}-1¢Cl>aT 
ee ! Ry t {AC AKIO CLA, 
? " MeiaAC AK)? CIE *AT 
TT AT? (DAK) ¢CIl+AT 
' Cl v{A, 4 AC AK} +CO A, 4 (AC AK} > R, 
‘ : tl ClVIMA AC AK) +CO MAIAC AK) + AT 
tu Cl vtaATAIAK}~CO ATA(IA KI~AT 
’ Cl vif, AKI=CO K AR, =A, 
5 " Cl v (M 4K) =CO KAM-AT 
wi Civ (ATA K}~CO K AAT AT 


H Civ (aC 4K} ~CO R, . (AC AK) OR, 
6 iT] Ci. (AC 4K) *+CO M. (AC. K) AT 

ut Cl vttaK)+CO AT v(heaK) AT 

1 Ct. IR, A AC AK) ~-CO A, ~ {AC . KI °A, 
? uw Civ (MA AC AKE+CO M (aC 7 KE * AT 


sik Civ (ATA Ki ~CO AT” (h K) < AT 


NOTES 
Vo 2s complement sothmetc odds UTE 11 to perform subtraction of 000 o1 
2) A, nciudes T ang AC 26 s0urce ond Oestinstion regeters in A group f mcre fusctans 
3 Staraara ar inmele carry Output values are generated on F group 0, 1, 2 and J westeechony 


SYMBOL MEANING 
KLM Data on the |. K, and M busses. respectively 
ci ul Data on the carry input and teft input. respectively 
co. RO Data on the carry output end nght oulpul, respect -vely 
R, Contents of teguter nm including T and AC (A Group tt 
Ac Contents of the accumulator 
AT Contents of AC o T. as specihed 
MAR Contents of the memory address register 
Ll. H As subscripts. designate fow and high order bl respect ely 
, 2's complement addition 
2% complement subtraction 
Logical AND 
Logical OR 


Euctusve WOR 
Coed cote 


SYBEX 


F-GROUP 


" K-BUS = 00 MICRO-FUNCTION 


nner eee eine 


APPENDIX B ALL-ZERO AND ALL-ONE K-BUS MICRO-FUNCTIONS 


MNEMONIC —K-BUS = 11 MICRO-FUNCTION MNEMONIC 
R, +Ci-~-R,, AC LA AC +A, + Cl R,, AC ’ ALR, 
M+Cl~AT ACM - M+AC+CI+AT - AMA 

AT, *RO) ATy ATL LI AT SRA (Sis Apendnc Al ; s 
A, MAR R,+CI~R, LMI 11->MAR R,-1+CI~A, DSM 
M~MAR M+CI-AT tMM 11-MAR M—1+Cl-AT Lom 
AT > CI~+AT CIA AT—1+CI-AT OCA 
Ci-1~-R, See Note i csr" AC —1+CI~ A, See Note 1 SOR 

Cl-1AT See Notes 1.4 CSA AC-—1+CI+AT See Notes 1.4 SDA 
{See CSA above! - 1-1+CI-~-AT LOI 
R, +Cl~R, INR AC +R, +Ci>hR, aoe 
(See ACM above} re a {See AMA above) - 
AT+CI+AT INA 1+ aT +Cl~AT AIA 
ci-Cco O--F, CLR Cl. (AR, AC)=CO Ry 1 AC Ay ANR 
ci-co O-AT CLA Cl. (M- AC)*CO 8 —-M > AC~AT ANM 
{See CLA above) - Cl: jAT> 1-CtO AT- 1+ AT ANI 
tSee CLR above! = ci. 8, -CcO BR, Ry TzR 
{See CLA above} - cl. M~CO M~AT L™ 
(See CLA above) ~ Cl: AT+CO AT +AT TZA 
ci~co R, > R, NOP Ci: AC~CO Rv AC—R, ORR 
ci~co MAT LMF Cl- AC~CO Ms AC~ AT orm 
(See NOP above} -' cl. t=co lv AT AT OR! 
ci=co A, * Ry CMA Civ (R, ACI-CO A, + ACA, XNA 
ci~CO 8=—- MAT LCM Civ (M AC)-CO MT AC~AT XNM 
cl-co AT aT CMA Cis {AT NCO 1= AT~ AT xXNI 


4 Tre more general operetions, CSA aad SOR, should be used in pisce of the CSA and SDA operations, respectively. 


512 INSTRUCTION ADDRESSING 
CONDITIONAL TESTS 
BRANCH CONTROL 


mame 
Row WRCROPROQR AM MEMORY 
ADORESE ADORE: 
ana Mig --— May ay -— ry 
(ee ys =. & Gerke ] ae 
eeTtinawt 
- [os | [sx | 
emaSte . 
| bth aaan Tr it 
oe ee 
S FEE | 
ay 
a ii —— aan 
IMCROPROGRAM 
ss [= 
Aa | 
we ws— |} | SGAiaema iis 
| 
- | 
ona 
Vor 


— 

a fica 
Sms bl ree 
, a cena | [Sea ree 
Hy one | 
| = tH 3 


ee td ee 


CONTROL 15 -  MEWOAY Oata BUS 
MEMORY HO ADORESS BUS To MEMORY 


' OOurPuls 


CP AARAY 


PPE LINE 300? $ 


REGISTER 
OPTIONAL! 


MICAO 
PROGRAM 


mekT 
ADGRESS 
CONTROL 


FINPYTS MINPUTS 


MICAQOPADCR AM 
AODAESS BUS 


UJ 
#2 aG CONTROL INPUTS 


SECONOARY tNSTRUCTION GUS 


bROW ERTEANAL DATA im FROw 
1ODEICES =| ERY 


; . FUNCTION NEXT ROW NEXT COL 
MNEMONIC DESCRIPTION ; 


= 
> 
@- 


ACges 4 3 2 #4 © 7 6 &§ & M™MAZ 2 3+ 


| 
| 
| 
i 


JCC Jump in current column O O da 463 dp 4d) dg dg dy dp Gy dg mz my m mo 
JZ Jump to zero row 0 1 GO d3 dp dy dy 00 0 0 90 dy dz dy _..:) 
JCR Jump in cuirent row o 1 d3 dg dy dg mg m7 me me me d3 do dj do 
JCE . Jump in column/enable 1 7 #4 +O dp dy dg mg m do dy dg my meg Mm mg 
JFL Jump/test F latch 1 0 O ds do dy dy mg dy do cd} dg mm OO 7 -f 
SCF Jump/test C-flag 1 O 14: 0 do dy dg mg m7 dp dy do mg 0 71 C 
JZF Jump/test Z flag 10 1 #1 do dy dg mg my dp do, dg mg O 1 2 
JPR Jump/test PR-latches 1 1 0 O dz dy dg mg m, dg dy do - pg P2 Pi Po 
JEL Jump/test left PR bits - 1 1 «0 do dy do ‘me m7? do dy dg OF £41 & Mm 
JRL Jump/test right PR bits 1 1 #4 #1 1 dy dg mg mp 1 dy do 1 1 PB OD 
JPX Jump/test PX-bus + 1 4 #%F° ODO dy dg mg m7 me dy dy x7 Me OHO 
SYMBOL MEANING 

ay Data on address control line n 

Ma Data in microprogram address register bit n 

Pn Data in PR latch bit n 

Xn Data on PX-bus tine n (active LOW) 

f,c,2 Contents of F-latch, C-flag, or Z-flag, respectivety 


SYBEX 


ot 3 5 owe www + wee ose x = —_—-— - Tt = 


«xc 
dume in Current Column 
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Bee 
Seer ehehte 
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BARRE BAR 
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The foltowing ten diagcams illustrate : - - 
Samei Test Lett Leek Somnpl Test PX Bue 
the jump set for each of the eleven : 


jump and jumpfest functions of the yeiaieie’s ne 
MCU. Location 341, indicated by the steers: 4 
black square, represents one current seewocesestes oon 
tow (row2;) and currant column (cols) seksi ° Es 
address, The grey boxes indicate the are 
microprogram locations that may be 2g 


galected by the particular function as 
the next address. 


mre 


reew 
eT ol 


a 


Heart 


3212 MULTIMODE 8 -BIT LATCH ( 2 REQUIRED FOR BI-DIRECTIONAL) 
3244 INTERRUPT CONTROL UNIT | 
3216 4 BIT BI-DIRECTION BUS DRIVERS/RECEIVERS 


me mmr ee ee re ee ee ee eee ee ee 


wn 
ane 


PSP PP F22 
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DISK CONTROLLER - SPECIAL LOGIC DIAGRAM 


exteusra | 
BUS ENABLE 


DEVICE DECODER ; 
has: 


MEM 4D0 GUS 
MEM DATA BUS 
6. GUS INTERFACE 
DISK DRIVE INTERFACE 
BIPOLAR LSI CYLINDER ADD 
MICROPROCESSOR | PLATTER- 
HEAD SELECT 
A uet SELECT 
WR GATE 
3 | moGate 
| set crumpen 
: 1 
- Toouste 1 ‘ 
BUFFERED | DATA i 
‘ SHIET REG. 
. i} 
SA CONTROL DOUSLE ). 
WITH ROOULO FREQ GEN OF DATA 
4 COUNTER * WiTH XTAL 
OATA CLOCK | 5 
- GUTPUT PORTS OWSK DATA 
2 FOR CONTROLLING | TOP INDEX PULSE 
EXTERNAL LOGIC - ‘3 GOTTOM INDEX | 
T input PORT PULSE 
i FORTESTING - TOP SECTOR PULSE 
eee acre 
TO EXTERNAL LOGIC ; : BOTTOM SECTOR 
ORTVE CONDITIONS PULSE 


7  SYBEX 


SUT HOT READY FLAG & AgOAT. 


GET FROM MEMORY THE 
WEADER STARTING ADOMESS. 
BLOCK LENGT#S & PASSWORD 


‘ 


» SET PROGRAM ERROR FLAG & ABORT 


PACK NIBBLES TO FORM MORDS 
INCREMENT MEM £00 COUNT 
DETREMENT WORD COUNT 
WaRTIALIZE CHANNEL OPERATION 


SET DATA EARO® FLAG & ABORT 


WAIT FOR 
DESIRED SECTOR 
cm ticay 
TaN 
oor 


SET DONE FL aG 


BLANK © 


_SYBEX 


APPLICATION OF BIT-SLICE DEVICES TO “NUMBER CRUNCHING” 
ARITHMETIC OPERATIONS ON FLOATING POINT DATA 


HIGH LEVEL FUNCTIONS 
| LOGARITHMIC - VECTOR 
‘TRIGONOMETRIC —sS MATRIX 


HIGH LEVEL LANGUAGES: | PL.~ 1. ALGOL. APL, FORTRAN 


FLOATING POINT DATA (BINARY SCIENTIFIC NOTATION) 
~—WANTISSA. x 2 EXPONENT 


EXAMPLE i an | 
Gea BY Sor ate OL ot 


le tg BITS 
~ >10 DECIMAL DIGITS ACCURACY . 


RANGE 2 2048 +5 2 +2048 approx 10 -600 to 19 +600 
SYBEX | | 


FLOATING POINT OPERATIONS 


ADDITION . 
- REQUIRES SCALING | 
M x 2 + Wx 2° = NOTE: MANTISSA IS CONSIDERED FRACTIONAL 
ae eo 2. 
TF B26" “THEN | 
NemxD 


ELSE EQUALIZE THE EXPONENTS BY RAISING THE SHALLER/SCAL ING ITs FRACTION 
LET Eee +N 
THEN Wx = CN 2) xo | | 
NOTE: M’ / 2" 1s M’ sHIFTeD Down N BITS 


IN GENERAL, FLOATING POINT ADDITION: | 
LET —€ €' SUCH THAT E=E’ +N. 
Mx oe Mee EME OM 2D xD 


THE SCALING OPERATION IS THE CRUX OF FLOATING ADD AND SUBTRACT 
SYBEX 


SUBTRACTION (AS IN ADDITION) 
‘MULTIPLICATION | 


DOES NOT REQUIRE SCALING | 
ONLY HIGH ORDER PRODUCT IS USED 


rf 


, E Be : a ete’ 
CNX 2 xO XD = Cx 


Myo, * 2 


DIVISION 


i ! 


7 | | E-E 
Mx2) 7 (x2 ) = CMM) x2 


SYBEX | 


FLOATING POINT NORMALIZATION 


ALL FLOATING POINT OPERATIONS USE NORMALIZED DATA 
AND RETURN NORMALIZED DATA 


NORMALIZED = HIGH ORDER JUSTIFIED 
I.E. THE BIT TO THE LEFT OF THE SIGN # SIGN 


THE LAST STEP OF ANY FLOATING POINT OPERATION 
1S NORMALIZATION _ | | 

I.E. SHIFTING MANTISSA UP UNTIL MSB # SIGN 
- ADJUSTING EXPONENT DOWN TO COMPENSATE — 


MULTIPLY AND DIVIDE REQUIRE AT MOST 1 SHIFT TO NORMALIZE 


ADD AND SUBTRACT MAY REQUIRE UP TO 34 SHIFTS 
(AND MUST DETECT ZERO SUM OR DIFFERENCE) 


SYBEX 


| FOR A 36 BIT NANTISSA 
"MULTIPLY AND DIVIDE TAKE 36 INTERATIONS: | 
ADD AND SUBTRACT MAY REQUIRE UP TO 34 BIT SHIFTS 
EXANPLE MULTIPLY 


USING OPTIMAL 2901 CONFIGURATION FOR 36 BITS (W/O DBL LENGTH 
uCYCLE = 220 NS (175-NS). | 
36 ITERATIONS FOR MULTIPLY = 7.92 uSEC (6.30 uSEC) 
(MANTISSA ADDITION CONCURRENT) — | 
PLUS SET UP AND RESTORE 5 CYCLES = 1.10 uSEC (.88 uSEC) 


FLOATING MUL: 9,02 uSEC (OR 7.18 FOR FLOATING ONLY CPU ) 


SYBEX 


REDUCTION FOR FLOATING MULTIPLY 


FOUR STAGE MULTIPLICATION OF MANTISSAS 


M=Myx 24M, 
M=M,x2°+M 
Mx Ms My My 2+ (M,- Ml + MM)-2° + Me NY 
(NOTE: FOR CLOSE APPROXIMATION ONE CAN IGNORE LOWER 18 BITS OF z= PRODUCT 
ALL 36 BITS OF 2° PRODUCT) 


~ TOTAL TIME REQUIRED | | 
4 (OR 3) PARALLEL 18 BIT NULTIPLIES-= 18 x 220 NS = ce usbe 


NS = 3.15 uSEC) 
PLUS THREE 36 BIT ADDITIONS = 660 NS (525 NS) oe 


FOUR STAGE FLOATING NUL: 4.62 uSEC (3.68 uSEC) 


SYBEX 


TRAIGHT FLOATING MULTIPLY 


MANTISSA. | EXPONENT 
2901x3 
| | 


NOTE: 12 x 2901 


CONTROL 


* 


-* AS IN CHAPTER 2 


OUR STAGE FLOATING MULTIPLY . 


ADD Q ADD @ 


: . : H 
TWICE THE COST FOR TWICE THE SPEED | (met), 2901 x 3 
| NOTE: 23 x 2901 | 


SYBEX 


COST OF SCALING IN FLOATING ADD - 
ADDITION | 


THE TIME OF ADDITION IN FLOATING ADD Is NEGLIGIBLE 
1 CYCLE - 220 NS _ 
WITHOUT SPECIAL DATA PATHS SCALING MAY TAKE 
34 x 220 NS = 7.48 uSEC 
“EXPONENTIAL SHIFTS CAN REDUCE TO 
6 MAXINUM x 220 = 1,32 uSEC G1 POSITIONS RIGHT. 5 POSITIONS LEFT) 


24-27 


Hel 
eee | Rae res 
ee he 


SINGLE CYCLE SHIFT RIGHT 1, 4, 8, 16 
SINGLE CYCLE SHIFT LEFT BY ROTATING RIGHT AND DISABLING MUX ABOVE SIGNIFICANT NIBBLE © 
PLA DECODES EXPONENT DIFFERENCES FOR SCALING SEQUENCE 
PLA DECODES LEADING ZERO NIBBLES FOR NORMALIZE SEQUENCE 
HARDWARE REQUIRED 


18 DUAL 4 LINE TO 1 LINE MUX (74$253) 
1 QUAD 2 LINE TO 1 LINE MUX (74257) e, 
1 PLA | | 


PLA INPUTS DRIVEN FROM EXPONENT ELEMENTS — 


TOTAL ELOATING ADD <2 uSEC 


SYBEX 


FLOATING POINT. SUMMARY — BIT SLICE APPLICATION 


STRAIGHT FORWARD BIT SLICE F.P, IMPLEMENTATION FOR 36/12 DATA 
WUL/DIV. 7.2 TO 9uSEC 

ADD/SUB 6.4 TO 8 uSEC MAX = 

SPECIAL IMPLEMENTATION HTH BIT SLICES 


MUL 3.7 10 4, 6 USEC 
ADD/SUB — 2 uSEC MAX” 


THESE FIGURES: AVAILABLE WITH CHIP COUNT ‘UNDER 70 FOR DATA PATH ELEMENTS: ! 
“CONCLUSION: BIT SLICE DEVICES WILL CERTAINLY FIND THEIR WAY 1HTO LARGE SCALE. Coulee 


Th fot : . 
a ne er af 


CHIP REDUCTION 


A 48 BIT FLOATING POINT CPU | 
WITH FAST FUNCTION ARCHITECTURES” | , 
WITH MAXIMUM SPEED. MAXIMUM PARALLEL CONTROLLER 
(AS IN SECTION 2) WITH 1024 MICROINSTRUCTION POM 
WITH 48 BIT MEMORY/IO BUS 


(WITHOUT BIT SLICE LSI: APPROXIMATELY 720 CHIPS) 
SPEED | oe 

INHERENT CHIP SPEED 

ARCHITECTURE ENHANCEMENTS 

DISSIPATION REDUCTION 
COST | 
NUMBER CRUNCHERS REDUCED TO MINI COMPUTER PRICES 

SYBEX 


ww iwi FP LADUKHA IUORY 


ey THE POPULATION OF COMPUTERS WITH FLOATING POINTS 
100.000 WORLD WIDE 


- TS THERE ANY USE FOR A AMI PRICED F.P. MACHINE? 


NAVIGATION REDUCTION FOR SHIPS AND SMALL PLANES 
TRAINING SIMULATORS 
COMPLEX FUNCTION MONITORS - INDUSTRIAL CONTROL. AIR “CONTROL 
PATTERN RECOGNITION APPLICATIONS 
VOICE RECOGNITION 
SCENE ANALYSIS 
DISPLAY SYSTEMS INVOLVING 
ROTATION 
PERSPECTIVE 
DISAPPEARANCE 
MILITARY 


SYBEX 


BIT SLICE MACHINE CHARACTERISTICS — 
FAST CYCLE | 
POWERFUL MICROINSTRUCTION 
~ LARGE REGISTER COMPLEMENT 


NAKE POSSIBLE MICRO LEVEL INTERPRETERS FoR 
APL 
~ ALGOL 
PL-1 
~ FORTRAN eee: a | 
EXAMPLE: 2000 CONTROL WORD VERSION OF canner 3 MACHINE COULD. IMPLEMENT COMPLETE 
"APL - SPEAKING MACHINE... | | 
"POWER TO BURN” IMPLIES REDUCTION OF SOFTWARE DEVELOPMENT 
TIME 
COST 
CRUCIAL IN LARGE SYSTEMS WHERE SOFTWARE / HARDWARE COST IS VERY HIGH 


SYBEX 


SPECIAL ARCHITECTURES - CHARACTER PROCESSORS 


CHARACTER STRING PROCESSING = 
NARROW DATA: = 8 BITS. 
SIMPLE FUNCTIONS =. 
STRING SEARCH 

~ STRING DELETE 
STRING MODIFY 
> STRING INSERT. 
SPECIAL FUNCTIONS = 
CYCLIC REDUNDANCY CHECK 
PARITY 


OPTIMAL HARDWARE ALLOCATION — | 
CHEAP PROCESSOR AND EXPENSIVE MEMORY 


SYBEX 


DESIRABLE CHARACTERISTICS’ 


ASYNCHRONOUS MEMORY ACCESS 

MANY REGISTERS, ITERATIVE ACCESS 
AUTOMATED LOOPS - LOW OVERHEAD =~ 

MASK. FUNCTION 


MULTI .- BYTE. PARALLEL NEMORY ACCESS 


SUCH THAT (BYTES/FETCH) x (FETCH/SECOND) = meveuesecom | 


MINIMUM 2 CYCLE (EFFECTIVE) 


ALSO | 
POSSIBILITY OF ULTIPROCESSORS 


_SYBEX 


weawren QING PMUGESSING ARCHITECTURE 5% 


4 - PORT 
MEMORY 


4-<w 
oe 


m-+<tw} ma-<w] m 
nN — |- 


Li oT 


a 


Spa 


MM6710 
PROCESSOR INCLUDING BUFFERS APPROX 26 C 


= GEOR 
is : 


at 


zo 


A FIELD ver Ages 
COUNTER TO 2901 Ag-s , 
COUNTER TO Ags & INCR. CNTR, 


oO 
o 
oie 
~ Pe cm 


Wee (ts). 


eats: 
CC 
CCAg,1 (TS 

B - o.Cc, ‘ ie 


BRANCH g. 


~SYB EX 


: LOAD COUNTER WITH A- FIELD 


PROCESSOR CYCLE = 150. NS 
(NO END AROUND SHIFTS) 


ITERATIVE ONE INSTRUCTION LOOPS UP TO 16 AT 150 NS/INSTR. 
E.G. COMPARE CONTENTS OF 15 REGS TO ONE BYTE . 
SET LOOP COUNTER = 15 ee 
LOAD A COUNTER = 0 


uoop: [CIR AG) [ADRB=15.[ A OR B | BRANCH IF FO 
RAK 2.25 USEC + 5 uSEC = 2.55 usec 


SEARCH 8 CHARACTER SEGHENT FOR 1 OF 8 CHARACTERS 
3 + 8(.3 + 8(150)) = 12,3 uSEC . 


SYBEX 


MULTIPLE SERIAL 1/0 ADAPTOR (UP TO 16 CHANNELS): 


PARALLEL IN 


SERIAL OUT SERIAL IN 


CHANNEL 
SELECT 


fas .., _ PARALTEL our oo. 
QWE REGISTER PER CHANNEL. = 5 | 
120 WS CYCLE (NO ARITHMETIC) 
ASSUMES 1 SERIAL IN PHASE ssid 

"1 PARALLEL OUT PHASE 
~—1-PARALLEL IN PHASE 

1 SERIAL OUT PHASE 
- RATE = 2 MHz/NO. OF CHANNELS 


PER OPERATION CYCLE = 480 NS 


SYBEX 


WHIUNY APFLIVALIUNS: SERIAL PROCESSOR 229 


SERIAL PROCESSOR DiC e” «. _ 
EXAMPLE: 16 REGISTER NIBBLE (4 BIT) MACHINE 


APPROX 13 CHIPS 
~ 200 ns CYCLE 


BIT SLICE EMULATIONS OF POPULAR MOS MICROPROCESSORS 
BIPOLAR SPEED 
PROGRAM COMPATIBILITY = = 
1/0 COMPATIBILITY 
EXAMPLE ae o, waatss 
| SIGHETICS 80E EMULATION OF 8080A ae 


USES SIGNETCS (INTEL) 3000 series 
BF dR FASTER ER DEPENDING _ 


SYBEX — 


6. DEVELOPMENT AIDS ae 


SYBEX 


ww oe ww WI EOD 


1, ROM SIMULATOR | 
VARTABLE CONFIGURATION 
PLUG IN SIMULATION OF ROMS 
100 NS PERFORMANCE MAY REQUIRE SLOW CLOCK 
_ PAPER TAPE. LOADING ~- TTY DUMPING a 
“FRONT PANEL INSTRUCTION MODIFICATION AiD. VERIFICATON 


in the system shown, the ROM 
Simulator simultaneously re- 
places the ROMS in both the mic- 
* roprogram and macroprogram 
store allowing the machine lan- 
Se chte ot guage code to be changed ta find 
> or patch 2 problem. 


VDEVELUPIVICIN | PAILS | Www ee ee 


2, PROMS. EROMS. FPLAS 

3. PORTABLE PROM AND PLA PROGRAMMERS 

4, USER DEFINED ASSEMBLERS (E.6, RAPID) | 
: SPEEDS DEFINITION OF NICROPROGRAN 


CONVERTS SYMBOLIC PROGRAM 10 ROM BIT PATTERNS 
ACCEPTS USER DEFINITION OF 


WORD LENGTH | 
FIELDS IN WORD, > ULTIPLE FORHATS IF NECESSARY 
VALID SYMBOLS 
BINARY EQUIVALENT OF SYMBOLS 


GENERATES ROM (TAPE OR CARD) IMAGE 
RUNS ON IBM OR OTHER HOST SYSTEMS 
VERY USEFUL IN CONJUNCTION WITH ROM SIMULATOR 


SYBEX 


VOEVOLUPFIVIECN! AIVO - VUNIINUEDU 


5, DEVICE SIMULATORS (E.G, ICE - 30) 
FOR DEBUGGING LOGICAL DESIGN OF SYSTEM 


EMULATES DEVICE (E.6.. 3001. INTEL) IN CIRCUIT 
ALLOWS CONTROL AND “MONITORING OF SIGNALS 


SYBEX 


- FROM DATA 1/0 
~ PROGRAMS INTERSIL AND SIGNETICS 
- INPUT: 
KEYBOARD 
- MARK SENSE CARDS. 
= ASC IL TAPE 


‘SYBEX 


-— =~ wt Le VvilviLgA| 


DATA 1/0 MODEL X ALLOWS UP TO 63 PRODUCT TERMS 


7. CONCLUSION 


SYBEX 


BIT 


SLICES ARE A POWERFUL BUT FLEXIBLE UNIT OF INTEGRATION. 


- WIDE RANGE OF APPLICATION COMPLEXITY 


- SIGNIFICANT 


DISSIPATION 
=. SIGNIFICANT 
RELIABILITY. 


“> WIDE RANGE OF PERFORMANCE 
REDUCTIONS IN COST. CHIP COUNT AND 
‘ADE POSSIBLE FOR GIVEN ARCHITECTURE 


ENHANCEMENT IN COMPUTATIONAL POWER, SPEED, 


“FOR GIVEN COST / SPACE / COOLING 


- SYBEX 


BIT - SLICE DEVICES WILL BECOME A STANDARD DESIGN ELEMENT. 


ty 


ARCHITECTURES OF DEVICES ARE CONVERGING 
SECOND SOURCES ARE PROLIFERATING 


“USERS ARE — PROLIFERATING cee 
CUSTOMER DEMANDS - FOR” > MICROCOMPUTER HARDWARE 


ARE PROLIFERATING 


BIT - SLICE DEVICES MERGE VERY WELL WITH OTHER 
LST (PLAS, = ROM’S, RAMS, 1/0 DRIVERS, 


INTERRUPT HANDLERS, ETC.) 


SYBEX 


SUMMARY a 


THIS COURSE HAS EXAMINED THE BIT - SLICE TECHNOLOGY 
IN RELATION TO : | 

THE EVOLUTION OF CPU DESIGN, 

LSI CRITERIA. 
THE DESIGN PROCESS OF A MODERN CPU, 
OTHER APPLICATIONS FROM THE MICRO -LEVEL TO 
THE NUMBER CRUNCHER LEVEL. 


ITS INTEGRATION WITH OTHER LSI. DEVICES 


AND IT HAS — PRESENTED | A SURVEY OF THE EXISTING BIT - SLICE 


DEVICES AND SOME OF THE PRODUCTS IN WHICH THEY ARE USED, 


SYBEX 


8. APPENDICES 


SYBEX 


_ SSI GATES FLIP-FLOPS | MSI ALU 


FAMILY CHARACTERISTICS Propagation Toggle 4-Bit 
Delay Rate Add Time 


STANDARD TTL 

54/7400 Series SSI ana MSI—112 types 

8200 Series MSI—60 types , ; 
8T Series interface—36 types 

Standard “gold doped’ TTL is the industry's longest selling digital logic family still in | 10ns at 10mW 
high volume production. New system designs generally favor the Low Power Schottky 7 

TTL equivalent functions. 


LOW POWER SCHOTTKY TTL 


54/74LS00 Series SS! and MSI-—79 types 
3000 Series Microprocessor Set 


Low power Schottky provides the same speed as standard TTL at 1/5 the power. Tha | 10ns at 2mW 
power savings and LS! potential are encouraging the use of 74LS in mast new sysiem 
designs. ; 


HIGH SPEED TTL 


§4/74HO0 Series SSI—30 types 

8200 Series MSI—18 types 

Higher speed versions of standard TTL SS! devices. Generally being replaced by 
Schottky TTL in new designs. 


SCHOTTKY TTL 
54/74S00 Series SSI and MSI—55 types 


Schottky TTL uses a diode clamp design to insure the highest speed possible at TTLlogic | 3ns at JOmW 
levels. 


ECL 


10,00 Series SSI and MSiI—69 types 
ECL devices use a narrow logic swing to provide the highest speed standard logic family 
for use in large mainframe computers and test equipment. 


SYBEX 


TTL EQUIVALENT 


The 5701/6701 is similar in function to the 25 TTL MSI packages listed below. It saves 375 1/O pins, 5.6 watts and 30 square inches of 


board area. 
TABLE 1 
' #14 Pin 
or Advertised Gate Typical Total 
#16 Pin #24 Pin Gate Complexity Complexity Power Power 
Function TTL © Pkgs. Pkgs. (Each Pkg.) Total Each (Watts) (Wats) 
32 x9 &8 x 8 ROMs 7488 3 70 210 50 1.50 
16 x 4 Multiport RAM 74172 4 110° 440 56 2.24 
Arithmetic Logic Unit 74181 1. : 75 75 55 55 
Storage Latches 7475 2 ns 28 56 16 .32 
J-K Flip Flop (Q Reg). 74107 2 22 44 -10 .20 
4to 1 MUX 74153 6 16 36 .20 1.20 
O/! True Complement 74H87 2 i8 36 27 54 
Dual 4 Bit Select 74157 2 15 30 15 ~ -30 
Quad 2 to 1 MUX with 
3 State Quiputs 748257 2 15 30 .30 _ 60 
_ 3 State Buffer DM8094 1 5 5 18 -18 
20 


Totals 5 : 1022 6.63 


“The 74172 is advertised at 201 gate complexity but we are using only 2 of the 3 address capability, hence we have counted it ss 110 
gates. 


SYBEX 


APPENDIX C: CARRY LOOK-AHEAD LOGIC 


SR a a A a a EIN NE TL TDI RE ET ET SRE TOE LI ETE OE IDE DOLL EEL DEEL LEE EEE, 


ALU FUNCTIONS (AM 2901) 


LOGIC FUNCTIONS FOR G, P. Casg, AND OVR 


The four signals G, P, Cas4. and OVR are designed to indicate 
catry and overflow conditions when the Am2901 1s in the add 
or subtract mode. The table below indicates the logic equations 
for these four signals for each of the eight ALU functions. The 
R and S inputs are the two inputs selected according to 
Figure 2. 


Definitions (+ = OR} 


Po + Ro * So Gg * RoSo 
Pp = Ry t Sy G,* RyS; 
P2 = R2 + S2 G2 = R2S2 
Py * R3 + S3 G3 = R33 


Cq * G3 + PgG2 + P3P2G1 + P3P2P\Gp + P3P2PyPoCn 


C3 = G2 + P2Gy + P2PyGo + P2PyPoCp 


Seme as sR + $ equations, but substitute R, foc R, in definitions 


- Same as R +S equations, but substitute §, for S, in definitions 
P3P2P1Po P3P2PyP9 * Cr P3P2P;P9 + Ca 


as 
es 
———— 
+ P3P2P ;Po (Go * Cn) Crog at lett 


SYBEX 


VEVILE Weer eee 


8 bit CAM 
16-bit CAM 


SAMS 


B2S12 
BPS112 


32-bit SAM 
32-bit SAM 


AAMS 


82521 64-bit RAM 32x 2 
82525 64-bit RAM 16x 4 
54/74S89 64-bit RAM 16x 4 
§4/74S 189 64-bit RAM 16x 4 
JIOIA 64-bit RAM 16x 4 
82S 16 256-bit RAM 256 x 1 
82817 256-bit RAM 256 x 1 
825116 256-bit RAM 256 x 1 
625117 256-bit RAM 256 x 1 
§4/74S5200 256-bit RAM 256 x 1 
54/74S201 256-bit RAM 256 x1 
54/74S301 256-bit RAM 256 x1 
10144 256-bit RAM 256x1 
823510 1024-bit RAM 1024 x 1 
B2S11 1024-bit RAM 1024 x 1 
93415A 1024-bit RAM 1024 x 1 


93425A 1024-bit RAM 1024 x 1 


ROMS 


828226 1024-bit ROM 256 x4 
82$229 * $024-bit ROM 256 x 4 
82S230 2048-bit ROM 512% 4 
82S231 2048-bit ROM 512x4 
82S214. 2048-bit ROM 256 x 8 
8228 4096-bit ROM 1024 x 4 


828215 4096-bit ROM 512x8 


PROMS 


82523 256-bit PROM 32x 8 

828123 256-bit PROM 32x 8 

10139 256-bit PROM 32x 8 

82527 1024-bit PROM 256 x 4 
825126 1024-bit PROM 256 x 4 
825129 1024-bit PROM 256 x 4 
10149 1024-bit PROM 256 x 4 
825114 2048-bit PROM 256 x 8 
825130. 2048-bit PROM 512 x4 
825131 2048-bit PROM 512 «4 
825115 4096-bit PROM 512 x8 
825136 4096-bit PROM 1024 x 4 


825197 4096-bit PROM 1024 x 4 


FPLA 


8238100 
625101 


FPLA 
FPLA 


16x 48x 8 
16x 48x 8 


* TEMPERATURE RANGE 
C + Commercial 10°C to + 75°C) 
Mo. Miltary ( 55 C to + 125°C) 
ANECL 10000( W'Cto -85°C) 


*OurPul 
TS + Ver State 
OC - Open Cullector 
OE - Open Emitter 


MOS MEMORIES 


Signetics offers a broad line of MOS memories 


and memory-related products with many different: 
access modes, architectures and speeds. Sizes range 


from 100 bits to 8192 bits on a single chip. 

The memory products listed on the following 
pages can be categorized by both technology and 
product type. Basically, two technologies are used 
in the manufacture of Signetics MOS memory prod- 
ucts. These are: 

P-Channel, Silicon Gate 
N-Channel, lon-Implanted Silicon Gate 


The P-Channel process is used in Signetics’ 2500 
series and the N-Channel is used in both the 2100 
and 2600 series. 

The 2500 series consists of shift registers—both 
static and dynamic, character generators and cus-. 


tom programmable ROMS, 256-bit static RAMs and | 


1103 type dynamic RAM. 

The 2100 series js a family of 1024-bit static RAMs. 
This family consists of standard devices (2102), low 
power devices (21102), high speed types (21F02), 


256 x1 1101/2501 


" 256 x1 25L01 
256 x 4 2606 
256 x 4 2602-1 
1024x141 © 2102/2602 


STATIC 1024 x 1 21F02 

RAM 10241 21F02-4 
1024x 1 21L02 

1024 x1 21L02-1 

1024 x1 2102-2 

1024 x1 21L02-3 

1024 x1 M2102-4 

1024 x 1 M2102-6 


| DYNAMIC 
RAM 
STATIC 
ROM 


CHARACTER 
GENERATORS 


5!2x8 2530 
1024 x 8 2608 
2048 x 4 2580 


64x8x%5 Po19 
4x64 6 2O1G 
64x%9x9 : » 2526 


1024 x1 2102-1/2602-1 
1024 x 1 2102-2/2602-2 


and military products (M2102). This series give 
designer the choice of access times from 2501 
1.0us and power supply currents from 40m 


’ 7OMA. 


The 2600 series consists of a 256 x 4 static F 
the 4096 x 1 dynamic RAMs, and a 1024 x 8 m 
programmable ROM. All N-Channel devices ope 
with a single 5V power supply and are 
compatible. 

Most MOS memory products are available ur 
Signetics Upgraded Product Reliability (SU 
Program and both products and processes are ¢ 
tinually monitored under Signetics’ SURE Reliat 
Program. Both programs are described elsewt 
in this catalog. 

A variety of packaging options are available 
most MOS memory products, They are: , 

A=14-pin Silicon DIP N =24-pin Silicon D 

B =16-pin Silicon DIP TA =8-pin TO-99 

F =16-pin CERDIP V =8-pin Silicon DIF 

| =Ceramic DIP XA =18-pin Silicon Di 

K =10-pin TO-100 


| 
SIGNETICS PART |} ACCESSTIME 
ORGANIZATION NUMBER (ns) POWER SUPPLY PACKAGE 


1000 B,t 
1000 +5, -12 BI 
750 +5, 0 B, F 
500 +5,0 8,F,! 
1000 +5,0 B,F,1 
500 +5,0 B,F,) 
650 +5,0 B, Ft 
350 45,0 B,F,! 
450 +5,0 B,F,t 
1000 +5,0 B,F,1 
- 500 15,0 8, F.1 
650 +5,0 B,F,t 
400 5,0 8, F.! 
450 +5,0 Fi! 
650 +5,0 FI 
310 XA, 1 
180 XA, | 
200 -300 IF 
200-350 LF 
700 +5,0. 12 N,! 
650 ; 15,0 I 
950 +5.0, 12 N,t 
600 tha, V2 N.1 
£00 ; 15, 12 N,1 
700 15,0, 12 N.I 


OAGANIZATION/ 


REGISTER LENGTH NUMBER 


STATIC 


2506/7/17 
2502/1402 
2505 
2524 
2503/1403 
2504/1404 
2525 
2512 


DYNAMIC 


1024 x 1 
1024x1 
1024 x1 


MOS MEMORIES 


SIGNI.TICS PART 


SPEED (MHz) 


ys, [ve% ; 
+5, -12 
+5, ,-5, -12 
+5, 0, -12 
+5, --§, -12 
+5, -12 
+5, -12 
+§, -5, -12 


MOS MEMORIES CROSS REFERENCE 


SIGNETICS 


2509K 


AM1402A/2802 140238 

AM1402APC 25028 

AM1403A/2803 1403TA 

AM1403A 2503TA 

AM1404A/2804 1404V 

AM1404A 2504TA 

AM1405A/2805 - 1405K INTERSIL 
AM1506T 1506V 

AM1507T 25067/2517T IM7712C 
AM2505K 2505K 1M7722C 
AM2806HC 2512K 1M7780C 
AM2807PC 2524V 

AM2808PC 2526V 

AM2809PC 2521V 


AM2833PC 2533V 


C1402A 


C1403A 
M1404A 
M1405A 


FAIRCHILO SIGNETICS 


MOSTEK 


MK1007P 


: SIGNETICS 


SIGNETICS 


2510A 
2511A 
2533V 


SIGNETICS 


14028/25028 
1403TA/2503TA 
2504TA 
1405K/250SK 


SIGNETICS 


MF1402A 
MF 14039A 
MF 1405A 
MF1406 
MF 1407 


NATIONAL 


SIGNETICS 


MMS06H 1506V/2506T 
MMS07H 15§07T/2517T 
MM1402A 14028/2502B8 
MM1403A 1403 TA/2503TA 
MM1404A - 1404V/2504TA 
MM2521 2521V 

MM2522 2522V 


MM5058 2533V 


SIGNETICS 


TMS3112NG 


TMS3120NC 
TMS3128NC 
TMS3129NC 
TMS3133NC 
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MOS MEMORIES CROSS REFERENCE 


MOS N-CHANNEL RAMS 


\m0 SIGNETICS 
72102 2102F 

2102-1 2102-1F 

2102-2 2102-2F 

2102 21028/2602B 
2102-1 2102-18/2602-1B 
2102-2 2102-28/2602-28 
M91020C 21F02-4F 
M9102PC 21F02-48 
M91LO2A0C 21L02-1F 
M91LO2ADM M2102-41 
V91LO2APC 21L02-1B8 
¥91L02B0C 21L02-3F 
491LO2BPC 21L02-38 
491L020C 21L02-2F 
A92L020M M2102-61 
A91L02PC 21L02-28 


IRCHILD 


SIGNETICS 


12FOC 21F02F 
l2FPC 21F02B 
20C 2102-2F 
2PC 2102-2B 
2-1DC 21F02-4F 


21F02-48 


SIGNETICS 


21028/2602B8 
2102-18/2602-1B 
2102-2B/2602-2B 


352C 


MEMORIES 


SIGNETICS 


C2012 
C2102-1 
C2102-2 
C2102A 
C2102A-2 
C2102A-4 
C2107A 
MG2102A-4 
MC2102A-6 
P2102 
P2102-1 
P2102-2 
P2102A 
P2102A-2 
P2102A-4 


2102F 
' 2102-1F 

| 2102-2F 
21FO2F 
21F02-2F 
21F02-4F 
26041 
M2102-41 
M2102-61 
21026/26028 
2102-18/2602-18 
2102-26/2602-28 
21F028 
21F02-2B 
21F02-48 


MOSTEK © 


SIGNETICS 


2102B/2602B ~ 
2102-18/2602-18 


MK4102 
MK 4102-1, 


SIGNETICS 


21028/26028 
2102-1B/2602-1B 
2102-28/2602-2B 


MF2102 
MF2102-1 
MF2102-2 


NATIONAL SIGNETICS 


MM21020 
MM2102-1 
MM2102-2 


21028/2602B 
2102-1B/2602-1B 
2102-28/2602-2B 


SIGNETICS 
| 


TMS4033 2602-28 
TMS4033JL 21F02-4F 
TMS4033NL 21F02-48 
TMS4034 2602-1B 
TMS40334JL 2102-2F 
TMS 403 4NL 2102-20 
TMS4035 26028 
TMS4035JL 2102F 
IMS4045NL 21028 


MQS P-CHANNEL RAMS 


SIGNETICS 


AM1101A1 
P1101A° 


11018 : 
25018 


INTERSIL 


SIGNETICS 


11018/2501B 


SIGNETICS 


25018 
1101B 
1103XA 


1M7501/11/12C 


PIIOIA 
PI101A1 
P1103 


MOSTEK SIGNETICS 


MK4007 25018/25L018 
MK4007P 11018 


11018/25018 
1103XA 


SIGNETICS 


25018 
11018 


MFT101A 
MF1103 


NATIONAL 


MMI1101A 
MM1101A1 


MOS RAMS — 


TTL SERIES 545/74S 
MEMORIES RANDOM-ACCESS READ/WRITE MEMORIES 


RULLOTINNO DL 5 2412257 MAY 1975, 


64 BITS (16 WORDS BY 4 BITS) 256 BITS (256 WORDS BY 1 6IT) 1024 BITS (1024 WORDS BY 1 BIT) 
‘S189, ‘S289 ‘$201, ‘S301 $74S209, SN74S309 
ADA 1 16 Voc Vee ce 16 Vcc 
CE 20 15 ADS aoc ADA 2 %% «Ol 

Aw IC 4 AOC AOH ADB 3 314 AM 
oir 4 13 aOO ol AOC 4 13 ADS 
601 § 12 oO4 Aw AOD 5 12 aDe 
or2 6 19 6004 ADG ADE 6 11 aOW 
002 7 10 O13 ADF oo 7 10 ADG 
GND 6 9 0603 ADE GND 8 9 AOF 


Pin assignments tor all of those memories ore the seme for all pecheges. 


Schottky-Clamped for High Performance 

Full On-Chip Decoding and Fast Chip-Enable Simplify System Decoding - 
P-N-P Inputs Reduce Loading on System Buffers/Drivers | 

Choice of 3-State or Open-Callector Outputs 

TYPE NUMOER (PACKAGES) TYPE OF BIT SIZE RITE CYCLE TIME 
58°C to 175°C ee ee (ORGANIZATIONS) CHIP-SELECT | ADDAESS| 


SNS4S1BHJ, Wi [SN74S18HI,N)]  3Stare | 64 Bits 
SNS4S76910, WI [5N74570911, NI [ Oven Covecior] (16 W x48) 


SN74S70115, Nb 3-Srate 256 Bis 


SNS4S 3011), W) [SN74S5301(J, N} Open Collector (256 Wnt 6B) 
SN74S2091), N) 3-State 1024 Bits 


[Jsnirasaoas. | Oven Conecior] (1024W x 18) 


description 


These monotiihic TTL memories feature Schottky clamping for high performance, a fast chip select access time to 
enhance decoding at the system level, and the ‘S201 and 'S209 RAMs utilize inverted-cell memory elements to achieve 
high densities. The memories feature p-n-p input transistors that reduce the low level input current requirement to a 
maximum of -0.25 milltamperes, only one-eighth that of a Series 545/745 standard load factor, 


A three-state-output version and an open-collector-output version are offered for each of the three organizations. A 
three-state output offers the convenience of an cpen-collector output with the speed of a totem pole output: tt can be 
bus-connected to other similar outputs, yet-it retains the fast rise time charactersstic of the TTL totem-pole output. An 
open collector output offers the capability of direct interface with a data line having a passive pull-up. 


write cycle 


Information to be stored in the memory 1s written into the selected address (AD) location when the chip enable (CE) 
and the read/wnite (RAW) inputs are low. While the read/write input is low, the memory outputis) islare} off 
(three-state = Hi-Z, open-collector = high). When a number of outputs are bus-connected, this off state neither loads nor 
drives the data bus; however, it permits the bus line to be driven by other active outputs of a passive pull-up. 


read cycle 
Information stored in the memory (see function table for input/output phase relationship) is available at the output(s) 


when the read/write input is high and the chip-enable input(s) is(are}) low. When one(or more) chip-enable input is{are) 
high, the output(s) will be off, 


TEXAS INST RUMENTS 


NCOMEORA 
POST OFFICE BON 3007 ¢ OALLAD TEMAS T4292 
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TTL SERIES 54/74, 548/745 
MEMORIES PROGRAMMABLE READ-ONLY MEMORIES 


BULLETIN NO. DOL-S 75327258, MAY 1976 


Titanium. Tungsten (Ti-W) Fuse Links for e Full Decoding and Chip Select Simplify 
Fast, Low-Voltage, Reliable Programming System Design 
Alt Schottky-Clamped PROM’s Offer: e Applications Include: 
Fast Chip Select to Simplify System Decode Microprogramming/Firmware Loaders 
Choice of Three-State or Open-Collector Outputs Code Converters/Character Generators 
P-N-P Inputs for Reduced Loading on Transtators/E mulators 
System Buffers/Drivers Address Mapping/Look-Up Tables 


TYPE NUMBER (PACKAGES) 


-85°C 190 125°C] O Ctao 70 C }|LORGANIZATION)| CONFIGURATION 


SN54186(1J. Wi 1 SN741B61J, N) 


512 bite 
(64 W » 8B) 


SN54188A(J, Wl SN7418BA(J,N) ” “| open-collector 
2756 bits 
SN54S1881J, W)/SN74S5168(), N} (92x BB) open-collector 
on x 
SNSAS 28813, WI [SN74S70B19, NI three-state 


SN54S78 710. Wi (SN74S287(5, N)] 1074 bits theese | 42 | 


open-collector 


SN54S$38715, W)]SN74S387(5, NH} (256Ws 4B) open-coitector 16 

$N54547011 5N74S470(J, ND 2048 bits, open-collector 20° 

SNS4S471(J) SN74S474(5, NI] (256 Wx 8B) three state 50 20, 

SNS4S4 724) SN74S472(3, Nd A096 tris three-state 55 20 

SNS4S47HJ) SN74S47313, NI] (512 Wx 8 B) open.-callector $5 20 

512 BTS 756 BIT 1024 BITS 2008 BITS 4096 BITS 
(64 WOADS BY 8 @ITS) (32 WORDS BY @ BITS! (256 WORDS BY 4 6ITS) (256 WORDS BY @ BITS) (512 WORDS BY 8 BITS! 
106 “186A, S168. S268 "S787, ‘S38? “$470, S474 "S472, 5473, 

eon ~ Tp» *cc vot Ne vee ane 1 18 Yeo aoa vi % vec “gies ” vce 
we 8 * Dono? OO? 2 WS CS aor We aon aves aun sue 1 19 age 
vas at por bo >). t@ aOF€ aot kh ya he aoc » ww aLG aoc we 40m 
vea mm 002 bo e” 1) 400 a00 & on Gi anoda Ww AOF a00 « Ww aoG 
or t ww v0} oot hm 12 au? ana 4 1? oot ena 6 6 (32 aut @ apt 
te. @ 1° oo« iw 6 6. 4) ape ave 6 yor Ow? Ore Woost vot 6¢ oo & 
Ba * ooe oor hm n@ 408 aoc }: 1@-003 O02» te uoe oO? 1 4 oo8 
oo @ Ww poe Lo b& ope GND & ‘e OD 4 oO) # 3 007} nO} 6 a 0Or 
ole “ 007 ‘ fe 004 2 008 woes w poe 
ow % ooOe GND 18 008 LO 6 mw O08 
ore 1@ 10! = 
mC OME 12) GNO? 


Pin eurgnemenis tor alt of these memories are the tame tor alt pacheges 
WC Mem interne Conner tame 


TO ot veel fer ng Ow oe 
the tape ot 10 a eneptoree 


‘iption 

These monolithic TTL programmable read-only memories (PROM's) feature trianium-tungsien (TiW) fuse links with 
each link designed to program in one millisecond of less. The Schottky-clamped versions of these PROM’'s offer 
considerable flexibility for upgrading existing designs of improving new designs as they feature full Schottky clamping 


for improved performance, fowcurrent MOS-compatible’ pa-p inputs, choice of bus-drving three state or 
open-collector outputs, and improved chip select access times. 


The high-complexity 2048- and 4096-bit PROM’s can be used to significantly improve system density for fined 
memories as all are offered in the 20 pin dual-in line package having pin-row spacings of 0 300 inch 


TTL SERIES 54/74, 54S/74s. 
MEMORIES 


READ-ONLY MEMORIES 


BULLETIN NO. Ot § 7812288. MAY ta7g 
EE PERT EE ESS ESSA 


264 BITE (32 WORDS BY & BITg; 


Mask-Programmed Memories That Can Replace PROMs | — 
e Full On-Chip Decoding and Fast Chip Select(s} Simplify System pO 1 16 Voc 
Decoding p02 2 18 & 

e All Schottky-Clamped ROMs Offer ; DO3 3 14 ADE 
—Choice of 3-State or Open-Collector Outputs ; DO4 4 13 ADD 
—P-N-P Inputs for Reduced Loading on System Buffers/Drivers DOs 12 ade 

e Applications Include: . poe 6 11 ade 
—Microprogrammming Firmware/Firmware Loaders 007 7 10 ADA 
—Code Converters/Character Generators GNO ® 008 


—Transtators/Emulators 
—Address Mapping/Look-Up Tabies 1024 BITS (256 WORDS BY 4 BITS) 


"187 


[TYPE NUMBER (PACKAGES) | wir size [ryricat access times | 
[=e ere] eowree | (ORGANIZATION A001 18 Yor 
256 8 

Reeees ADE 3 14 2 

. ri x 
1 

-[SNS4S270181 — [SN74S27014, NI | Open-Collecior 2048 Bite sine ae 
[sNS4S37000) [5N7459700, WY] SStere | (S12Wx 48) eer "1 002 
fswsas77100) _| 7008 Bis aoc 7 10 003 
[SNS4S37114) — [SN74S3710N.N) | 3Sute | (256 Wi 8B) GNO ® 004 


description 


These monolithic TTL custom-programmed read-only memories (ROMs) are 
Particularly attractive for applications requiring medium to large quantities of the AOG 1 
same bit pattern. Plug-in replacements can be obtained for mast of the popular TTL 


2048 BITS (612 WORDS BY 4 BITS) 
$270, ‘S378 


16 Vcc 
ADF 2 16 AOH 
PROM : 

OMs. : ADE 14 ADI 
The high-complexity 2048-bit ROMs can be used to siniticanty sipraee system AOD 4 13 & 
bit density for fixed memory at all are offered in compact 16- or 20-pin dual-inine - ADA 12 por 
packages having pin-raw spacings of 0.300-inch. 

AOB 11 002 
The Schottky clamped versions offer considerable flexibility for upgrading existing aoc 10 p03 
designs or improving new designs as they feature improved performance: plus, they GND 8 ® 004 


offer low-current MOS-compatible p-n-p inputs, choice of bus-driving three-state or 
open-collector outputs, and improved chip-select access times, 


Data from a sequenced deck of data cards punched according to the specified 
format are permanently programmed by the factory into the monolithic structure 
for all bit locations. Upon receipt of the order, Texas Instruments will assign a 
special identifying number for each pattern programmed according to the order. 
The completed devices will be marked with the appropriate Ti special device 
number. It is important that the customer specify not only the output levels desired 
at all bit locations, but also the other information requested under ordering 
instructions. 


The three-state outputs offer the convenience of an open-coliector output with the 
speed of atotem-pole output: they can be bus-connected to other similar outputs 
yet they retain the fast rise time characteristic of the TTL totem-pole output. The 
open-collector outputs offer the capability of direct interface with a data line 
having a passive pull-up. 


Word- addressing is accomplished in straight positive- logic binary and the memory 
may be read when all CS inputs are tow. A high at any CS input causes the outputs 
to be off. 


“$271, ‘5371 
ADA 1 20 
ADB 2 1» 
aoc 3 iY ] 
ADO 4 17 
ADE & 16 
DO! 6 15 
DO2 7 14 
DO3 8 13 
004 9 12 
GND 10: " 


are the seme for al! peck ages 


TEXAS, IN STRUMENTS 


CORPORA 
MOBY OFPFTE GOW SOIR « ahi VERAG PEzRB 


2048 BITS (256 WORDS BY 8 BITS) 


vec 
AOW 


ADG 
ADF 
2 
cs 


oos 


007 
Do6 
00s 


Pin awcenments for sit of these memeras 
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APPENDIX E: INTEGRATED INJECTION LOGIC 


i’ L BIPOLAR LOGIC 


DESCRIPTION OF GATE 
IMPLEMENTATION OF LOGIC 
FABRICATION 


INTERFACING 


FROM TEXAS INSTRUMENTS 


SYBFY 


INTEGRATED INJECTION LOGIC, tL 


174 is a highly efficient new bipolar technology which reduces a basic gate 


function to a single current injected transistor switch. The logical simplicity 
of a single geometry gate, requiring no tsolation, no load resistors and no 
ground metallization, achieves gate component densities 10 times those of con- 
ventional TTL or CMOS. [*L gates can be operated along a virtually constant 
speed/power product value over better than 5 magnitudes of injector current- 
from picoamps to microamps - at speeds ranging from hundreds of microseconds 

to tens of nanoseconds (Figure 21). They can be powered up for maximum speed 
then powered down without loss of function or data. 


In addition, 12t gates are static, requiring no multiphase clocks, and are 
capable of stable operation in severe temperature environments. 


100 us ro _ 


1O4us 


Tus 


PROPAGATION DELAY 


100 15 


10 13 pal kk 
Ina 1OnA 100 nA TyA 10 nA 100 pA 
INJECTOR CURRENT 


2 


FIGURE 21. I™L GATE PERFORMANCE RANGE 
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als 


L_GATE 

H basic ae gate is a NPN grounded-emitter transistor switch as shown in Figure 22. 
sitive NAND logic is implemented, and logical isolation is accomplished by the use 
multiple collector outputs (Cl and C2). When the base (B) is open or high and an. 
iector (Ep) current source (1) is applied, the I1¢L NPN transistor is normally 

ised "on" (lYow-level output) by the current (1) supplied by a PNP current-injector 
insistor. Switching action is accomplished by the steering of this injector 

‘rent. AS Shown on the inverter/buffer schematic, low input voltage to the base 

| of less. than one Vag (750mV) starts pulling tnjector current out of the input 
‘ough the “on" (low) output of the driving gate. When the driving gate reaches a 
‘sate the input is robbed of its base drive, and the driven 12t transistor/gate 

1] turn off causing its open-collector output to assume a high logic level. As 

th any open-collector logic, this output voltage level is determined by the load 
‘cuit or “pull-up” utilized. Internally, for a typical 12L circuit design, this 
simply the clamp level at the input of the next stage, one VgeE (750mV above 

und). A high input logic level is achieved by default whenever a low-impedance 

h of less than one VgeE potential is absent from the input. Deprived of a ground 
h of less than one Vge potential, the injector current will forward bias the 12p 
nststor/gate "on" and produce an output low logic level one VcEsat above ground, 
ically SOmv. A typical [2k internal logic swing of 700mV, from a VCEsat of 

aV to a Vee of +7 50mV, is thereby achieved by current steering of a NPN switch. 


Jaiete tee te SO ie, MeN ee 


“HIGH INPUT > 750 mV 


“LOW INPUT <750mV Vag 


‘ 
2BNo--4 
EN N-INPUT I2L GATE SCHEMATIC 


! 
| 
| 
die: 
me 
i 
| 


_ Ey NSUBSTRATE GROUND 


FIGURE 22. BASIC I12t GATE 


e that the base region of the NPN transistor-serves as an N-wide input. 
number of steering inputs can be connected to the base. As all of these 
utS are common to the base, and each is driven by @ Separate output source, 
ical ambiguity of the drivers can be avoided only if each driver exists as 
individual source. Hence, the mechanism used is indtvidual collectors for 
h load. Of the two collectors tllustrated, Cl may be connected as the base 
ut of another gate. Simultaneously, this same base may be driven by the 

lector of another NPN gate.. 


IMPLEMENTING It LOGIC 


Figure 23 displays the manner in which I¢L transistors/gates are interconnected to 
perform logic. The NAND gate logic diagrammed is that of a common D-type flip 
flop. The schematic directly below it is the same D-type flip flop in 12 logic 
at a component count of one transistor/gate. 


DIN 


ol 


CK 


FIGURE 23. 12L O-TYPE FLIP FLOP LOGIC 


The Iggte diagram indicates that each gate input is a discrete entity; whereas, 
the I“L schematic shows that each base pnpue has more than one driving source. 
The requirement for multiple isolated [“L collectors becomes quite evident as 
they identify the active and inactive driving sources; or, in other words, they 
isolate each discrete logical decision. 


The common clock input, to the two Vogic gates, drives two isolated inputs. 
Separate clock inputs, shown in the I“L schematic, would be driven from isolated 
(tndividual) collectors of the same npn transistor. 
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ATION 


s-section of two I*L gates is shown in Figure 24. The N+ circuit sub- 
serves as both the mechanical base for fabrication and a common ground 
or interconnection of al) the grounded-emitter transistor/gates ina 
thic 1¢L structure. One reason for 1@L high densities is apparent here; 
face metallization is required for ground interconnections as the entire 
t substrate serves this purpose. N epitaxial, grown on top ot 
substrate, provides both the grounded-emitter region of the vertical 
itch and the grounded-base region of the lateral PNP injector. The 

3f two diffusions serves as both the P base region of the vertical NPN 
col lector of the lateral PNP injector. The second diffusion then com- 
the I¢L component geometries by providing the multiple-collector N+ 

s of the vertical NPN. Metgilization is then deposited and etched to 

2 interconnection between I¢L transistors/gates. Note that the lateral 
integrated into the vertical NPN and therefore does not exist as a 

te component. A symmetrical lateral PNP transistor can bs utilized 
current injector for multiple NPN/gates.° Non-isolated I°L density is 
enhanced by the fact that the single transistor gate requires no 

ent tsolation. 


oo 1cy 12 181182 18N Ep 281 282 BN ZCI 22 


P 1 
1 
N LATERAL PNP : N N 


VERTICAL NPN INJECTOR VERTICAL NPN 


N+ SUBSTRATE {GROUND} 


EN 


2 


L STRUCTURE 


FIGURE 24. MONOLITHIC I 


SBPO400 ELECTRICAL CHARACTERISTICS 
NG 


00 input/output characteristics were Selected with one objective in mind - full TTL 
lity. The schematics and characteristics of the SBP0400 are shown in Figure 25. 
circuit chosen is actually an RTL configuration modified for TTL compatibility. 
threshold of nominally +1.5 volts is achieved by use of two 10K ohm resistors 

ng as a voltage divider to boost the one Vp¢ threshold of the input transistor to 

e input electrical characteristics are plotted as input current versus input volt- 
e both the 10K and 20K ohm toad lines and the threshold knee at +1.5 volts. The 
dance, high-threshold characteristics were chosen to reduce input \cading and 


increase the input noise margin over a standard TTL input yet retain full capability with 
virtually al} 5 volt logic families. The [2L input also utilizes an input-clamping diode 
to limit negative excursions, "ringing", on the receiving end of a transmission line. 


TYPICAL OF ALL 


EQUIVALENT OF EACH INPUT mas : 
OUTPUIS EQUIVALENT OF CACH INPUT OUTPUT 


INPUT OUTPUT 


Watt [ 


Oalt ta ; - - ONDEUT MIN 
InPuT — oe spent 
| 7 wey ale 
10 wit 


FIGURE 25. SCHEMATICS OF EQUIVALENT INPUTS, OUTPUTS, INPUTS/OUTPUTS 


The output schematic is identical with that of an open-collector TTL circuit. The output 
characteristics are similar to that of the TTL output, but the 12L output demonstrates 

a considerably improved low-level output voltage, typically 0.06v, at rated load currents. 
Typical Voy versus Iq. is shown in Figure 26. The output high logic level, as well as 
output rise times, and next stage input noise immunity are a function of the load circuit 
used. The load can be: 


a. The input of the next stage if no source current is required. 
b. A discrete pull-up resistor for greater noise immunity and improved rise times. 
Common input/output configurations are also utilized for improved functional performance 


and increased packing densities. The schematic is recognizable as a “joining” of the 
separate input/output schematics and electrical characteristics already described. 
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APPENDIX F: FIELD PROGRAMMABLE LOGIC ARRAYS 


SIGNETICS $2S100/82S101 DEVICE DESCRIPTION 


FPLA MANUAL FUSER CIRCUIT 


NOtiCs 


BIPOLAR FIELD-PROGRAMMABLE LOGIC ARRAY 
(16X48X8 FPLA) 825101 (OPEN COLLECTOR) 82S] 00 


825100 (TRI-STATE)| B9S1 01 


FEBRUARY 1976 


DIGITAL 8000 SERIES TTL/MEMORY 


iCRIPTION 

82S100 (Tri-State Outputs) and the 82S101 
en Collector Outputs) are Bipolar Programmable 
ic Arrays, containing 48 Product terms (AND 
ns), and 8 Sum terms (OR terms). Each OR term 
trols an output function which can be program- 
d either true active-High (Fp), or true active-Low 
). The true state of each output function is acti- 
ed by any logical combination of 16 input vari- 
es, of their complements, up to 48 terms. Both 
‘ices are field-programmable, which means that 
itom patterns are immediately available by fol- 
ving the fusing procedure outlined in this data 
ret. 
e 82$100 and 82S101 are fully TTL compatible, 
d include chip-enable control for expansion of 
yut variables, and output inhibit. They feature 
her Open Collector or Tri-State outputs for ease 
expansion of product terms and repplicaton in 
is-organized systems. 


‘ATURES 
FIELD PROGRAMMABLE (Ni-Cr LINK) 
INPUT VARIABLES—16 
OUTPUT FUNCTIONS—8 
PRODUCT TERMS—48 
ADDRESS ACCESS TIME—50 ns, MAXIMUM 
POWER DISSIPATION—600mW, TYPICAL 
INPUT LOADING—(-100,.A), MAXIMUM 
OUTPUT OPTION: 
TRISTATE OUTPUTS—-825100 
OPEN COLLECTOR OUTPUTS—82$101 
OUTPUT DISABLE FUNCTION: 
TRI-STATE—Hi-Z 
OPEN COLLECTOR—Hi 
» CERAMIC DIP 


APPLICATIONS 

LARGE READ ONLY MEMORY 
RANDOM LOGIC 

CODE CONVERSION 

PERIPHERAL CONTROLLERS 
LOOK-UP AND DECISION TABLES 
MICROPROGRAMMING 

ADDRESS MAPPING 

CHARACTER GENERATORS 
SEQUENTIAL CONTROLLERS 


PIN CONFIGURATION 


| PACKAGE 


Pag — _ 


NOTE 

FOR EACH OF THE @ OUTPUTS. EITHER THE FUNCTION Fo (ACTIVE HIGH) 
-OR FRIACTIVE LOW! IS AVAILABLE. BUT NOT BOTH THE REQUIRED 
FUNCTION POLARITY IS USER PROGRAMMABLE VIA FUSE (S) 
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‘'S BIPOLAR FIELD-PROGRAMMABLE LOGIC ARRAY ® 825100, 828101. 


JAGRAM 


68 PRUETT Ti ms 


. FROOUCT MATAIK 
1PUSITiVE: 4N0- GATES) 


PROOUCT TU AMS 


BOUTPUT FUNCT HONS 


Se MATAR 
wourive OM Gates: 


BLE 


= MODE | P CE 
Re (Kintintimlm) 3 & = 0,1, X (Don’t Care) | ie | 
Disabled 


mn =M 1 9 Aa? 


SIGNETICS BIPOLAR FIELD-PROGRAMMABLE LOGIC ARRAY «© 825100, 825101 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER) SS RATING 
Vec Power Supply Voltage 
Vin Input Voltage 
Vou - High Level Output Voltage (82S 101) 
Vo Off-State Output. Voltage (82S 100) 
Th Operating Temperature Range ; ‘ 0° to +75° 
Tare Storage Temperature Range -65° to +150° 


PARAMETER’ 


High-Level Input Voltage 5.25V 
Low-Level Input Voltage 4.75V 
Input Clamp Voltage = 4.75, ly = -18MA 


High-Level Output Voltage (825100)} Vee = 4.75V, lon =--2mA 


= 4.75V lq = 9.6mMA 


Output Leakage Current 
(825101) sieht: 


: . Vour = 5.25V 
loorr Hi-Z State Output Current 
(825100) Vour = 0.45V 
High-Level Input Current : = 5.5V 
Low-Level Input Current = 0.45V 
Short-Circuit Output Current cc = 5.25V, Vour = OV 
(82S 100) 
lee Vec Supply Current Vee = 5.25V 
(825100, 825101) 
Cu Input Capactonea Sg 0 
Vee = 5.0V 
Co Output Capacitance Vour = 2.0V 


SWITCHING CHARACTERISTICS 0°C<T, =<+75°C, 4.75V<Vc_, <5.25V 


PARAMETER TEST CONDITIONS 


Propagation Delay , 
Tw . Input to Output C, = 30pF 
Teo Chip Disable to Output R, = 270 


Toe Chip Enable to Output R, = 600 


NOTES: 
4. All voltage values are with respect to network ground terminal. 
2. All typical values are atVee  5V, TT, 225°C. 
3. Duration of short circutt should not exceed one second. . Test each output one at the time. 
4. lee is Measured with the chip enable input grounded, Measured with a programmed logic condition tor which the output 
all other inputs at 4.5V and the outputs open. under test is at a 0” logic level. Output sink current is supphed thru 
4 & resistor to Vec. 


Measured with V, applied to CE and a logic “1” stored. 
Measured with Vx applied to CE. 
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SIGNETICS BIPOLAR FIELD-PROGRAMMABLE LOGIC ARHAY © 828100, 828101 


PARAMETER 


Veco Supply (Program “OR"’) 


Vcc Supply 
(Program Output Polarity) 


leg Limit (Program OR”) 


Output Voltage 
(Program Output Polarity) 


Output Voltage (idle) 


Output Current Limit 
(Program Output Polarity) 


Input Voltage (Logic “1’’} 
Input Voltage (Logic “0"’) 
Input Current (Logic *'1’’): 
Input Current (Logic 0") 
Forced Output (Logic 1’) 
Forced Output (Logic ‘‘0"’) 
Output Current (Logic ''1’) 
Output Current (Logic “0’') 
CE Program Enable Level 
Input Variables Current 
CE Input Current 

FE Supply (Program) 


FE Supply (!dle) 
FE Supply Current Limit 
Vec Supply (Program “AND”) 


lee Limit (Program “AND"') 
Forced Output (Program) 
Output Current (Program) 
Output Pulse Rise Time 

CE Programming Pulse Width 
Pulse Sequence Delay 
Programming Time 


Programming Duty Cycle 


Fusing Attempts per Link 
Verify Threshold 


TEST CONDITIONS 


locs = 550 mA, min. 
(Transient or steady state) 


Vees = +8.75 +.25V 
lopn = 300 +25mA 


Vorn = +17 41V 


Vin = +5.5V 
Vie = OV 
Vone. = +5.5V 
Vor = OV 
Via = +70 
Vix = +10V 


leew = 300 +25mA 
(Transient or steady state) 


Veen = +17 +1V 
lecp =e 550 mA, min. 
(Transient or steady state) 


Vece = +5.0 +.25V 


LIMITS 


AMMING SPECIFICATIONS‘ (Testing of these limits may cause programming of device.) T, = 


rae 


8.5 


9.5 


0.9 


8.75 


0.4 


0.4 


10 


9.0 


0.8 


1,000 
18.0 


325 


—500 


+25°C 


UNIT 


GNETICS BIPOLAR FIELD-PROGRAMMABLE LOGIC ARRAY #® 828100, 825101 


2 > TEST FIG SURE AND WAVEFORMS 


O Yee 


input ttv 
Yce 


cE: 


mre 


“inevunie ar 
score ano sia fo” 7 
CAPACITANCE) 


1 


“Naso 


ALL INPUTS 1, © ty > Ses (10% TO SOR) 


YPICAL FUSING PATHS 
IR Matrix 


AND Matrix 


FPLA MANUAL FUSER CIRCUIT 


APPENDIX G: “RAPID” ASSEMBLER 


MICROPROGRAM ASSEMBLER: SYNTAX DESCRIPTION 


CYREY 


Definitions 


The RAPID assembly language consists of six kinds of statements. In this 
section we will begin the definition of these statements by introducing the 
character set out of which the statements are formed, the notation in which 
we will define elements of statements, and the language primitives common 
to all the statements. 


The character set RAPID recognizes may be viewed as having three parts; 
alphabetic, numeric, and special symbols. The alphabetic part contains the 
twenty-six letters, A, B, C, ... , 2. The ten digits 0,1, 2,...,9 
comprise the numeric part. The special symbols are eleven characters used 
for punctuation and operator names; ampersand (&), apostrophe ('), asterisk 
(*), comma (,), dollar sign ($), equals (=), minus (-), parentheses ( () 
plus (+), and slash (/). The uses of the characters are fully described in 
the definitions. 


Statement definitions will be given in the form of syntax equations. That 
is, statements will be divided (parsed, really) into syntactic elements and 
each of the elements defined. These elements will often be further divided 
into more primitive syntactic elements and those elements defined. This 
process is repeated until the definitions finally resolve to the character 
set described above, 


The definitions accomplish three. things: 
1. They name the syntactic elements of each statement. 


2. They specify the order in which those elements occur in the 
statements. 


3. They indicate what characters are used to form each element. 


The syntax equations possess their own notation. These symbols are not part 
of the character set used to express statements, but merely give form to the 
definitions. This notation is as follows: 


L> The left and right acute brackets enclose the names 
of syntactic elements. 


25 This symbol separates the name of an element from its 
definition; it means “is defined as". 


The vertical bar indicates an alternative definition; 
that is, the elements on either side of the bar are 
equally valid. 


» 


this place in the statement zero or more times, up to 

n times maximum; if no subscript is given, either there 
is no limit to the repetitions, or it depends on other 
variables. 


_ The syntactic elements enclosed in braces may occur at 
n 


[ ] . The syntactic element enclosed in brackets begins in card 
column n. 


in example, we can define the character set for statements: 


(alphabeti¢> : -|a alc]. in 


cnumeric> : -|0 I 2 [3 I 
<special symbo}D :|= 

3@ equations give a name to each of the 47 characters. Since we are in- 

2sted only in what set of characters applies to each name, the elements 
given as alternatives; 2 is as valid a numeric as 9 or $ is as valid a 
zial symbol as *. Whenever a character or sequence of characters occurs 

side the acute brackets, it is a literal (it represents itself) and should 


written in a statement exactly as shown. 


i 


name of a syntactic element may be used in a definition as well as literals. 
5 is in fact how statement definitions are built from more primitive defini- 


ns. For instance: 
(alphanumeric> : = Calphabetic> | <numeric> 


ines an alphanumeric character as any one of thirty-six alphabetics and 
erics. 


many definitions, we will be interested in the order of elements. To specify 
articular order, we merely write one element after the other without any 


ervening vertical bar. Thus: 


gsymboly : = alphabeticp { <atphanuneric) } 


icifies that the element known as a symbol always begins with an alphabetic 


iracter and may be followed by as many as four alphanumerics. Examples of 
ols are A, PQ, BIOT, and Z0Z1. 5SE and ABCDEF would not be valid. RAPID 


1) detect any violation of these syntax definitions and signal an error on 
2» assembly listing. 
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he rest of the primitives deal with the definition of constants: 
€onstant> : = <integer> | 


‘al phabeti | 
{alp Ps 


'B { eeinaryd} 128 fe 
'H aa 


'0 {ectal)] 


(integer) : = Cnumeric) - nr Me 


(binary) : = | 1 
(hexadecimal) : ak la |e k b le [| 
{octal) : = olt|2 3|4|5|6 7 


constant, as will be seen later, has several very specific uses. Quite 
ten a constant is a decimal number, the integer defined above, of no more 
an nine digits. Alphabetic, binary, hexadecimal, and octal constants are 
ecified by prefixing an apostrophe and A, B, H, or 0 to the constant. Con- 
ants must fit in whatever field they are designed for; the maximum lengths 
ecified here will rarely, if ever, be required. Examples of constants are: 
177, ‘HFEF, 899, 'B101, and 'AXY. Note that 'B10) is the three-bit constant 
ual to 5, and 8101 without the apostrophe is a symbol. The primitives of 
e RAPID assembly language, then, are symbols and constants. 


this discussion of statements proceeds in the following chapters, each 
yup of syntax equations is followed by an explanation and several examples 
clarify the definitions. This manner of defining statements, a modifica- 
yn of the Backus Normal Form, is quite precise. Once a reader becomes 


juainted with it, he should find it easy and unanbiguous to use as a re- 
"ence, 


wary of Statements | 


s section briefly introduces the six statement types. The definitions for 


+h type will be given completely at the beginning of their respective 
pters. 


<RAPID input) : = ©ption statement)Cparity statement) 
{format statements) <opcodes statement) 
(program section) <end statement) 


e statements must appear in the specified order. 
<option statement) : = ($rom] 1 option specifications) 


ie option specifications describe the bit storage configurations of ROM, its 
ipping into words, and call for various assembly outputs. 


(parity statement) =e (sparity] 1 (parity specifications) 


rity specifications describe how parity bits, if any are desired, will be 
>nerated in each output word. For example, this permits the designer to in- 
icate he wants bit 5 in every word to reflect odd parity. 


(format statements) : = (SFORMATS ] ; “format specifications) - 


hese statements name and describe the various formats that output words can 
ake and set up the correspondence between input fields and output fields. 


or example, one statement might specify that the symbol in the third input 
ield (in a program statement naming a given format} be translated into a code 


hich will appear in bits 12 through 15 in the output word. 
©pcodes statement) : = (Sopcoves| 1 (opcode specifications) 


he opcodes specifications list the operation codes in symbolic form and the 
lachine language representations into which they should be translated. For 
‘xample, it could instruct RAPID to translate the opcode ADD into the binary © 


code 1010. 
(program section) : = [SPROGRAM| 1 «program statements) 


The program section contains the symbolic program for ROM as a series of state- 
nents. Using the previous four kinds of statements, RAPID interprets program 
statements and translates them to machine language. 


<end statement) : = [$enD] 1 


The end card terminates the input to RAPID. It contains no other information. 


Each of these six statements begins with $ in column one. The option, parity, 
and end statements must each be given on one card. The others may use as 

many cards as desired. At least one blank must follow the words ROM, PARITY, 
FORMATS, and OPCODES, and the names of formats in format and program statements. 
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OPTION STATEMENT 


ption statement provides RAPID with information about the configuration 
e ROM modules, the width of the program word, and the types of output 
ed from the assembler. 


<option specifications» : = <option> {+ <ontiony} 5 


ddepthy * Cwidth>| 
<word size>| 


<option> : = CHIP 
WORD 
LIST 
MASK 
HEMORY = <table type>| 
NULL = ¢binary> 


<depth> : = <integer> 
dwidth> : = Cinteger> 
dword sizé : = <integer> 


<table type> : = COMPACT 
EXTENDED 


‘e 8 shows a number of legitimate option statements. This statement may 
iave continuation cards. One option is separated from the next by a 
1; between the word ROM and the first option is at least one blank. 


‘HIP option describes to RAPID the configuration of the memory element 

to implement the control store. For example, if a 256-bit semiconductor 
(Randcm Access Memory) is used and it is organized 128 by 2 bits, the 
ification would be CHIP = 128*2, In the case of a 4096 bit ROM (Read 
Memory) it might be CHIP = 4096*1, CHIP = 1024*4, CHIP = 512*8, etc. 
vidth may be no greater than 64 bits. 


word option specifies the number of bits of a word in ROM. The maximum 
size is 128 bits. RAPID will assume as many chips side-by-side as 
ssary to provide the specified word size. 


output options, LIST and MASK control listing and punched card output, 
ectively. LIST causes all of the input to be listed. Any cards in 

nh RAPIO detects errors will be listed with a diagnostic message, whether 
is selected or not. 


PARITY STATEMENT . 
f 
jutput words from a control store may contain one or more parity bits to 


ralidate the contents of the words. The parity statement describes to RAPID 
that parity bits, if any, to generate for each word. 


<parity specificationsy : = <parity declaration {, (parity declaration} 4 | 
"NONE — 


@arity declaration) : = parity type> ( Cbit position) ) = <fietayf + der} 
dparity type> : = ooo | EVEN | 

dbit position> : = Cinteger> 

(field) : = ( Cleft bit? / Clength> ) 

Geft bith : = Cinteger> 

Clength> : = (integer) 


The parity specifications must occur on one card; hence, no more than five may 
be given. Each declaration is separated from the next by a comma, and the 
first from the word PARITY by at least one blank. If no parity bits are to 
be generated, the word NONE is written, 


For each specified parity bit, its type, odd or even, is indicated as well as 
the fields over which parity is computed, A field is defined by giving the 
number of the left-most: bit position of the field and the total number of bits 
in the field. For instance, the three fields shown in the word in Figure 10 
would be specified as (6/6), (13/11), and (12/1). Fields may overlap one 
another, but not the parity bit positions themselves. 


Figure 11 shows several examples of parity statements for a 64-bit word. The 
last example defines six fields. Bits 1-16 contribute to even parity in bit 
0; bits 18-21, 26-35 and 55-63 contribute to odd parity in bit 54; and bits 
22-25 and 36-53 contribute to odd parity in bit 17. Notice that parity 
declarations may be given in any order in the statement. 
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FORMAT STATEMENTS 


tL statements evtabbish the correspondence between taput tbetds ane 


elds, By careful use of these statements and the opcodes statement 
jon on Opcodes Statements), the designer can define a convenient 
for expressing his control program. 


mat specifications) : = [format id] 1 (format definition> 

format definition) | 
mat id? : = <atphabetic> { <alphavetic?}, . 
mat definition> : = <field? = (<field type> ) 


‘ld type>: = a| o| T 


r of formats may be specified. Each format is a separate statement 
yins in column one with the name of the format, up to five characters. 
nt may have continuation cards, though a format definition may not 

. across cards. That is, a right parenthesis and conma must complete 
definition before continuing the statement on the next card. The 
2ction of format statements is headed by the $FORMATS statement card. 
2 is an example of a format section. 


jramied systems often use several control word or microinstruction 
Each format is independent of the others, though, of course, they 

y to words of the same length as defined in the option statement. 

e 12, the. three formats named CMD, TEST, and JUMP clearly identify 


truction type. 


definition describes one field. A field is specified as shown in 

ious section; field type must be Address, Opcode, or Truncated address. 
statement may contain any number of definitions in any order. How- 
elds must not overlap one another or the parity bits, and they must 


in the ROM words. 


point, it is important to understand that each program statement 

er to a format. It is that named format which will guide the trans- 
f the program statement. Information in the program statement must 
ied with the fields of its format. This matching is accomplished in 
1. An opcode is matched against a list in the opcodes statement (see 
on Opcodes Statement); that list points to one of the fields of the 
ind the value associated with that opcode is placed in that field. 
sively, an address expression in the program statement itself points 
»f the fields of the format; the result of the expression fills that 
The Program Statements Section describes fully this matching | process 


inde anf tanfawnatian in neoaram ctataments. 


OPCODES STATEMENT 


pcodes are the mnemonic symbols the programmer may use in program statements 
o direct that specific fields in the output word be given certain values. 

he opcodes statement lists all the valid symbols for each opcode field of 
ach format and their associated values. 


Copcode specifications> : = @pcode field> { concode rieta>} 

<opcode field> : = format idd Cield number = ( <opcode> f- concodsy}) 
<field number) : = Cinteger> 

@pcode> : = symbol) / Gonstant) 


he opcodes specification is one statement. As many continuation cards as 
lesired may be used, Cards may break the statement at three places: immediately 
‘ollowing a right parenthesis completing an opcode field specification; after 

| comma between opcodes for one field; or after a hyphen within a numeric 
constant. In the latter case, the numeric constant is hyphenated on one card 

ind the rest of the constant continues (somewhere beyond column one) on the 
‘ollowing card. This is a useful facility mainly for long binary constants. 


rhe programmer should define one opcode field for each opcode type in the 
Format statements. He may list as many opcodes for one field as he wishes. 
“igure 13 illustrates an opcode statement for the CMD, TEST and JUMP formats 


»f Figure 12. 


Format id and field number together point to a specific field in a format state- 
nent. Format id identifies the format statement. Fields in that statement 

are numbered, starting with 1, in the order they are defined. It is this order 
of definition that is important, not the left-to-right order in the word. Thus, 
field JUMP1 of Figure 12 is the twelve-bit address field beginning in bit six. 


There are three kinds of errors in the opcodes statement. First, any field 
pointed to must be an opcode type. Second, the value associated with a symbol 
must fit into the designated field. And third, for one format, no opcode . 


symbol may be repeated. 


The reason for this last restriction will become clear in the next section. 
Briefly, for a given format, a particular opcode field is singled out in a 
program. statement by the appearance of one of the opcode symbols defined for 
it. Thus, all of the opcode fields of that format must share the same set of 
symbols; if one symbol is repeated, it is ambiguous in identifying a field. 
Of course, from format to format symbols may be repeated. 
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PROGRAM STATEMENTS 


tatements represent the encoding of the customer's control logic. 
logy, formats, and mapping he has designed previously are al] used 
ate this symbolic program to a binary representation for ROM. The 
\lready established, is now used: 

rogram statements> : = {custom statement >| Cpredefined statement» 


custom statement) : = [¢rormat id] 1 {Gabe symbo1?) 

‘separator? <program rieta> { dseparator> 
(program Field} 

label symbol > : = [symbol 

separator) : = , | <blank> 

program field) : =<opcode symbot) | address expression» 

opcode symboly : = <symbol> 

address expression) : = (field number ( Cexpression> ) 


expression) : = { <operator>} dtermy{operator> dtermy} 


operator): = + } - 


term> : = label symbol? | 
éconstant >| 
* 
predefined statement) : = [+] 1 predefined type? 


‘predefined type) : = Calign statement > } 
<onstant statement > | . 


equate statement > 


<align statement > 1 = {Graver symbol) } , ALIGN <constant> 
constant statement> : = | rave symboT>} 1 CONSTANT constant» 


<equate statement) : = (label symbol> EQUATE Cexpressiony 


The program section begins with the $PROGRAM statement and ends with the $END 
statement. Each statement between these two is a program statement. Theoreti-- 
cally, there is no limit to the number of statements to a program. Program 
statements fall into two major classes: those whose symbology the customer 


has defined, the predefined statements. We will consider these two classes 
separately. 
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